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This  study  initially  focused  on  investigat- 
ing long-term  solutions  to  the  traffic 
problems  in  the  Highland  Avenue/Needham 
Street  corridor.     During  the  data-collection 
phase,  particularly  as  early  field  surveys 
were  being  done,   it  became  apparent  that 
certain  study-area  traffic  problems  could  be 
addressed  without  major  reconstruction  and 
prior  to  completion  of  a  detailed  evaluation 
of  future  conditions.     This  report  was  there- 
fore split  from  the  larger  effort  to  provide 
information  on  how  traffic  conditions  could 
be  improved  in  the  short-term. 

Efforts  subsequently  focused  on  the  identifi- 
cation of  existing  safety  and  capacity 
problems  and  on  actions  that  could  be  imple- 
mented in  the  short-term  at  relatively  low 
cost.     Intersections  and  road  segments  were 
examined  in  detail  and  recommendations  were 
developed  for  problem  locations  where  traffic- 
management  techniques  could  be  used  to  signi- 
ficantly improve  present  traffic  conditions. 

The  recommendations  were  made  with  an  under- 
standing of  what  kinds  of  actions  will  be 
required  long-term  to  correct  major  traffic- 
operation  problems,  current  and  anticipated, 
in  the  Highland  Avenue/Needham  Street 
corridor.     The  future-conditions  portion  of 
the  study  will  be  presented  in  CTPS  Technical 
Report  56b. 
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1  INTRODUCTION 


1 . 1  PURPOSE 

The  Central  Transportation  Planning  Staff   (CTPS) ,  under  the 
direction  of  the  Sub-Signatory  Committee   (SSC)   of  the  Boston 
Metropolitan  Planning  Organization  (MPO)   and  at  the  request  of 
the  Massachusetts  Department  of  Public  Works   (MDPW),  has  under- 
taken a  feasibility  analysis  of  a  proposed  improvement  plan  for 
the  Highland  Avenue/Needham  Street  corridor  in  the  Town  of 
Needham  and  the  City  of  Newton.     This  improvement  plan,  the 
"Highland  Avenue/Needham  Street  Corridor  Consensus  Plan,"  was 
developed  jointly  by  officials  of  the  City  of  Newton,   the  Town  of 
Needham,   and  the  Newton-Needham  Chamber  of  Commerce. 

The  CTPS  study  was  devised  to  provide  an  update  of  existing 
traffic  conditions,   identify  problem  areas  requiring  immediate 
attention,   develop  possible  solutions  including  those  described 
in  the  "Consensus  Plan,"  and  assess  the  long-term  sufficiency  of 
all  feasible  solutions. 

To  advise  the  CTPS  staff  during  the  study  process,   a  tech- 
nical advisory  committee   (TAC)    was   formed.     The  TAC  includes  mem- 
bers representing  the  two  communities,  area  business  interests, 
the  MDPW,   the  Executive  Office  of  Transportation  and  Construction 
(EOTC) ,   and  the  Metropolitan  Area  Planning  Council    (MAPC).  The 
individual  TAC  members  include: 

City  of  Newton 

Barry  Canner ,   Director  of  Planning  and  Development 
Roy  LaMotte,   Traffic  Engineer 

Town  of  Needham 

Calvin  Cook,  Planning  Director 
Jack  Marr,   Town  Engineer 

Newton/Needham  Chamber  of  Commerce 
John  Fox,  Chairman 

Lewis  Songer ,   Executive  Vice  President 
Lewis  Branzburg,  Member 

Massachusetts  Department  of  Public  Works 
Michael  Meyer,  Director,  BTP&D 
John  Gaynor ,   Location  Engineer,  BTP&D 
Robert  Patneaude,   BTP&D/CTPS  Liaison 
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Executive  Office  of  Transportation  and  Construction 
Allan  McKinnon,  Assistant  Secretary 
Robert  Sloane,   EOTC/CTPS  Liaison 

Metropolitan  Area  Planning  Council 

Edward  Bates,  Transportation  Group  Manager 

Subsequent  to  the  release  of  this  report  as  a  preliminary  draft 
to  the  client   (MDPW)    in  December  1985,   the  TAC  was  briefed  by 
CTPS  on  the  findings,   conclusions,  and  recommendations  made  in 
the  study.     Following  that  briefing,  community  and  Chamber  of 
Commerce  representatives  met  to  formulate  a  response  to  those 
recommendations.     Their  response,   in  letter  form,  contained  com- 
ments,  reservations,  and  suggestions.     After  careful  review,  CTPS 
formally  responded  to  each  of  the  issues  raised  in  that  letter. 

This  exchange  of  correspondence  is  incorporated  into  this 
report  as  Appendix  A.     It  is  crucial  that  this  correspondence  be 
viewed  as  a  form  of   "final  chapter"   in  order  to  gain  an 
understanding  of  the  actual  disposition  of  this  report. 

1  .  2      STUDY-AREA  DEFINITION 

The  Highland  Avenue/Needham  Street  study  area  straddles  the 
Charles  River  where  it   forms  the  boundary  between  the  municipali- 
ties of   Needham  and  Newton.     This   is  approximately  10  miles  to 
the  west-southwest  of  downtown  Boston   (refer  to  Figure  1-1). 

North-south,    limited-access  highway  service  is  available  on 
Route  128   (via  Interchange  56) ,   which  serves,    in  part,  as  an 
intermediate  link  of  Interstate  95.     Approximately  four  miles  to 
the  north,   Route  128  intersects   1-90   (the  Massachusetts  Turn- 
pike).     Interstate  90,   operated  by  the   Massachusetts  Turnpike 
Authority,    is  the  only  limited-access  east-west   facility  in  the 
Commonwealth.     Alternative  east-west  service  is  provided  by  Route 
9   (Boylston  Street),   a  median-divided,    four-lane  facility  which 
parallels  the  northern  border  of  the  study  area  and  crosses  Route 
128  at  a  grade-separated   interchange  approximately  one  mile  north 
of   Interchange  56. 

The  study  area  is  bordered  on  the  west  by  Greendale  Avenue 
and  Webster  Street   in  Needham  (refer  to  Figure  1-2).  The 
northern  border   follows  the  former  Penn  Central  railroad  tracks 
from  the  Webster  Street  crossing  in  the  west  to  the  Route 
9/Winchester  Street   interchange.     From  this  point  the  eastern 
boundary  follows  a  line  to  the  south  essentially  parallel  to 
Winchester  Street.     The  southern  boundary  loops  around  the  Route 
128  Office  Park  in  Newton  and  parallels  Kendrick  Street  in 
Needham . 


2     LAND  USE 


2.1  INTRODUCTION 

The  Metropolitan  Area  Planning  Council   (MAPC)  performed  the 
land-use  inventory  and  analysis  for  this  study.     A  detailed  exam- 
ination of  the  area  is  important  in  light  of  the  burgeoning 
growth  and  development  pressures  occurring  there. 

The  inventory  is  a  compilation  of  land-use  data  from  Needham 
and  Newton  assessors'  records  of  the  square  footage  of  buildings 
for  each  of  three  generalized  land-use  types:  manufacturing, 
office,  and  retail.  In  addition,  residential  land-use  data  have 
been  collected  as  it  relates  to  the  number  of  housing  units — and 
the  units  per  acre  for  high  concentrations  of  homes--in  the  study 
area.     These  data  were  used  for  trip-generation  purposes. 

2 . 2  OVERVIEW  OF  EXISTING  CONDITIONS 

Figure  2-1  depicts  the  general  land  uses  in  the  study  area  as 
of  the  base  year  of  1984.     Land  use  in  the  study  area  ranges  from 
residential  around  the  periphery  to  more  intensive  uses  such  as 
retail,  office,  and  industrial  along  major  transportation 
thoroughfares.     Vacant  land,   for  the  most  part,   is  not  available 
for  development  purposes.     Instead,   new  development  in  the  area 
is  occurring  through  the  redevelopment  of  presently  underutilized 
parcels  for  more  intensive  uses  for  which  there  is  currently  more 
of  a  demand. 

The  mix  of  land  uses  is  not  compatible  in  some  areas,  with 
the  intensity  of  uses  varying  markedly,   thereby  exacerbating  the 
problems  along  the  Highland  Avenue/Needham  Street  corridor. 
Figure  2-2  presents  generalized  zoning  districts  for  the  study 
area . 

2.2.1  Needham 

Needham's  portion  of  the  study  area  is  bisected  by  Route  128, 
which  serves  as  an  effective  buffer  between  highly  divergent 
land-use  types.     West  of  the  Route  128  right-of-way,   the  land  use 
south  of  Highland  Avenue  is  virtually  all  residential  to  Webster 
Street  and  Tower  Avenue  on  the  west.     As  this  area  is  zoned  for 
single  residences  and  is  an  established  residential  district,  no 
commercial  or  industrial  intrusions  are  to  be  anticipated;  there 
is  some  office,   retail,  and  light  industrial  development  to  the 
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north  of  Highland  Avenue,   which  becomes  more  intensive  as  one 
approaches  Route  128  from  the  west.     The  parcel  of  land  presently 
occupied  by  Muzi  Ford,  a  large  car  dealership,  anchors  this  area. 

East  of  the  Route  128  right-of-way,   the  existing  land  use  is 
almost  exclusively  non-residential  in  character.     Here,  Highland 
Avenue  is  bordered  by  more  local,   service-oriented  facilities, 
with  the  larger,   regional  businesses  occupying  the  "off-Highland" 
sites,   culminating  in  the  New  England  Industrial  Center,  located 
on  the  southern  side  of  the  street.     As  the  industrial  park  is 
zoned  for  manufacturing,  which  is  an  inclusive  zoning  district  in 
Needham,   some  business  uses  as  well  as  most  office  and  manufac- 
turing uses  are  allowed  by  right  or  special  permit.     The  strip 
zoned  for  business  that  borders  Highland  Avenue  allows  single- 
family  residences  as  of  right  and  manufacturing  uses  by  special 
per  mi  t  . 

Land  use  becomes  less  intensive  near  the  Charles  River/Newton 
line,   with  smaller  businesses  and  residences  abutting  Highland 
Avenue.     The  residential  district  at  Highland  Terrace/Riverside 
Street,   located  to  the  southern  side  of  Highland  Avenue,  stands 
as  a  bastion  against  development  and  is  reflective  of  a  time  when 
Needham  was  not  confronted  with  heavy  demands  for,  and  pressure 
from,   development.     Unlike  those  residential  units  across  the 
street  on  the  northern  side  of  Highland  Avenue,   this  area  is 
likely  to  remain  unchanged   in  the  near  term. 

2.2.2  Newton 

Across  the  Charles  River,   more  intensive  land  uses  again  pre- 
vail,  with  a  mix  of  commercial  and   light   industrial  uses  bor- 
dering Needham  Street.     Strip  development  characterizes  the 
corridor  between  the  Charles  River  and  Winchester  Street  to  the 
east,   with  a  myriad  assortment  of  retailers  and  the  sprawling, 
somewhat   ill-defined  Newton  Industrial  Center   (NIC)    spilling  over 
each  side  of   Needham  Street  and  filtering  down  Tower  Road  on  the 
northern  side  and  Industrial  Place  and  Cnarlemont  Street  on  the 
southern  side  of  Needham  Street. 

The  NIC  is  actually  a  number  of  small  industrial  parks 
situated  on  these  side  streets.     They  are  located  on  one-way  or 
dead-end  roads,  which  protects  adjacent  residential  areas.  The 
industrial  buildings  are,   for  the  most  part,   low-rise,  older 
structures  with  limited  setbacks—or  no  setbacks—and  off-street 
parking.     They  are  generally  "orphans,"  associated  with  the 
Needham  Street  area's  former  role  as  an  industrial  center. 

The  Needham  Street  corridor   is  undergoing  a  complex  infill 
scenario  accompanied  by  changes  both  in  scale  of  development  and 
in  predominant  use.      Interspersed  among  the  industrial  uses  in 
the  NIC  are  newer  retail  and  office  complexes,    including  the 
60 , 000-squar e-f oot  Marshall's  Shopping  Plaza.     This  scenario 
occurs  as  a  result  of  zoning  areas  for   lighter   industrial  or 
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heavy  commercial  uses,   for  which  the  ordinance  provisions  are 
more     flexible  than  for  typical  retail  commercial  zones. 

The  zoning  in  the  Needham  Street  corridor   (approximately  200 
feet  to  either  side  of  the  street)    is  for  manufacturing.  This 
zoning  classification  in  Newton  is  at  present  essentially  an 
"open  door"  zone.     Such  zoning  can  act  as  a  conduit  for  related 
activities  to  come  in  and  cannibalize  parcels  which  are  ripe  for 
conversion  to  uses  for  which  there  is  more  market  demand.  The 
office  intrusions  along  Needham  Street  that  are  already  taking 
place  have  led  to  speculation  as  to  what  will  become  of  some  of 
the  larger  industrial  parcels  that  border  Needham  Street  in  the 
near  future. 

There  is  a  large  residential  area  separating  the  Needham 
Street  corridor  from  the  Wells  Avenue  at  Route  128  Office  Park  to 
the  south.     This  includes  a  thickly  settled  area  of  single-family 
homes  nearer  to  the  corridor  and  more  open  land,   containing  the 
Jewish  Community  Campus  and  the  Charles  River  Country  Club, 
nearer  to  the  office  park.     These  latter  parcels,  because  of 
their  proximity  to  Wells  Avenue,  are  prime  sites  for  more  inten- 
sive uses,  assuming  that  demand  remains  strong  in  the  future. 

The  Wells  Avenue  at  Route  128  Office  Park  comprises  mostly 
low-rise,   expansive  buildings  in  a  campus-like  environment  with 
sufficient  off-street  parking.     It  is  zoned  "limited 
manufacturing,"  which  allows  certain  commercial,  office,  and 
industrial  uses  by  right.     Although  a  range  of  uses  is  permitted, 
the  large  number  of  office  buildings  reflects  the  demand  for 
office  space  in  the  area.     With  a  ceiling  cap  on  office  develop- 
ment at  1,200,000  square  feet,  which  has  nearly  been  reached, 
Newton  will  experience  additional  pressure  from  outside  to  allow 
more  office  developments  in  this  area. 

2 . 3      ANALYSIS   OF  DATA 

Data  has  been  compiled  on  the  current   land  uses  in  the  study 
area  in  terms  of  housing  units  and  square  footage  of  office, 
retail,   and  manufacturing  buildings.     This  information  was 
gathered  from  the  Needham  and  Newton  assessors'   offices  and  from 
field  visits  to  each  community,  as  well  as  in  conversations  with 
local  planners  and  officials. 

The  square  footage  of  existing  non-residential  buildings  was 
classified,   using  assessors'   records,   by  predominant  land-use 
type  for  trip-generation  purposes.     When  available,   the  specific 
type  of  business  was  identified. 

Manufacturing  is  the  principal  land  use  in  the  Needham  sec- 
tion,  with  2.5  million  square  feet  of  space,    followed  by  office 
with  875,000  square  feet  and  retail  with  230,000.     The  New 
England  Industrial  Center   is  clearly  in  evidence   in  these  num- 
bers. 
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In  Newton,   as  in  Needham,   manufacturing  is  the  principal 
land  use,  with  1.5  million  square  feet  of  space,   followed  by 
office  with  1.2  million  square  feet  and  retail  with  300,000.  The 
Newton  Industrial  Center  accounts  for  most  of  the  manufacturing 
total,  while  the  more  recent  growth  in  office  development  can  be 
seen  in  the  Wells  Avenue  at  Route  128  Office  Park,  which  accounts 
for  two  thirds  of  the  office  total.     Retail  uses  are  confined  to 
the  Needham  Street  corridor. 

The  largest  number  of  residential  units  in  the  study  area 
can  be  found  west  of  Route  128  in  Needham,  an  area  characterized 
by  single-family  homes  on  larger  lots,  with  vacant  land  virtually 
nonexistent.     The  Winchester  Street  area  of  Newton  has  a  large 
concentration  of  homes  on  smaller  lots,  with  considerable  open 
space.     Finally,   the  cluster  of  homes  in  Needham  east  of  Second 
Avenue  merits  inclusion,  primarily  because  of  its  location  in  the 
corridor  and  the  traffic  impacts  it  generates  and  receives. 

2 . 4      SUBAREA  CHARACTERISTICS 

The  study  area  has  been  divided  into  a  number  of  subareas, 
for  ease  in  interpretation  as  well  as  a  finer  breakdown  of  data 
on  residential,  office,   retail,  and  manufacturing  uses.  There 
are  five  subareas  in  Needham  and  three  in  Newton,  as  shown  in 
Figure  2-3;    land-use  statistics   for  each  are  presented  in  Table 
2-1  . 

2.4.1  Needham 

Needham  has  been  divided  into  Subarea  A   (north  of  Highland 
Avenue  from  Webster  Street  to  Route  128) ,   Subarea  B   (south  of 
Highland  Avenue  from  the  study  area's  western  boundary  to  Route 
128) ,   Subarea  C   (north  of  Highland  Avenue  from  Route  128  to  the 
Newton  line) ,   Subarea  D   (south  of  Highland  Avenue  from  Route  128 
to  the  Newton  line  by  including  only  the  swath  of   land  abutting 
Highland  Avenue  and  the  residential  area  of  Highland  Terrace), 
and  Subarea  E   (south  of  Subarea  D  from  Route  128  to  the  Newton 
line,    including  almost  all  of  the  New  England  Industrial  Center). 

Subarea  A  is  characterized  by  a  mix  of   land  uses  which 
generally  follow  the  pattern  of  industrial  nearest  the  railroad 
and  highway,   office  and  retail  along  Highland  Avenue,   and  resi- 
dential along  the  side  streets.     Muzi  Ford  dominates  the  area, 
because  of  its  visibility  from  the  highway,  and  acts  as  a  cor- 
nerstone for  the  industrial  uses  to  its  north  and  the  newer 
retail  and  office  uses  trickling  down  Highland  Avenue.      It  acts, 
in  effect,   as  the  gateway  to  Needham  and,   with  the  New  England 
Industrial  Center,   is  what  most  people  who  travel  Route  128  have 
come  to  visually  associate  with  Needham. 

Subarea  B,   with  the  exception  of  a  single  office  building, 
is  an  established  residential  area.     Single-family  homes  predomi- 
nate,  reinforcing  Needham' s   image  as  a  residential  suburb. 
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Subarea  A   (Assessor's  maps  70.   76.   77.   78.   79.  QA) 

Res  ident  ia 1 

58  units  on  25.7  acres  =  2.3  units/acre 

Office 

148,832  square  feet 

Retai  1 

40,142  square  feet 

Manuf actur  i ng 

28,560  square  feet 

Subarea  B   (Assessor's  maps  57.   58.   59.   60.   64.   65 .   66 r   fi7r   6ft,   71 , 
72) 

Residential              457  units  on  157.9  acres  =  2.9  units/acre 

Of f  ice 

5,992  square  feet 

Retai 1 

Manuf actur  i  ng 

Subarea  C   (Assessor's  maps   74.  75) 

Residential 

12  units  on  2.3  acres  =  5.2  units/acre 

Office 

168,521   square  feet 

Reta  1 1 

97,645  square  feet 

Manuf act ur  i  ng 

221 , 809  square  feet 

Subarea  D  (Assessor's 

maps   73,   part  of  300) 

Residential 

43  units  on  8  acres  =  5.4  units/acre 

Office 

26,010  square  feet 

Retai 1 

49,086  square  feet 

Manuf actur  i  ng 

52,880  square  feet 

Subarea  E  (Assessor's 

map  300) 

Res  ident  ia 1 

Office 

525,321   square  feet 

Retai  1 

42,103  square  feet 

Manufacturing  2, 

112,348  square  feet 

Highland  Avenue/ 
Needham  Street 

HOUSING  UNITS  AND 

CTPS 

Traffic  Analysis 

NON-RESIDENTIAL  BUILDING  SPACE 

TABLE 

2-la  • 

Technical  Report  56a 
August  1986 

NEEDHAM  SUBAREAS 
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Subarea  F   (Assessor's  maps  51/28/5-8G,   51/49/6,  83/28/77-84, 
83/30/9-12,  83/31/25&26) 


Res  ident  ir>  1 
Office 
Retai 1 

Manuf actur  i  ng 


77  units 

98,962  square  feet 
186,469  square  feet 
985,221  square  feet 


Subarea  G   (Assessor's  maps  51/28/11-30,   83/3/44-53,  83/11/14-23, 
83/12/1-8,   83/13/4-13,  83/28/1+2) 


Res  ident  ial 
Of f l ce 
Retai 1 

Manuf act ur  i  ng 


50  units 

299,091   square  feet 

111,061  square  feet 

191,747  square  feet 


Subarea  H   (Assessor's  maps  83/36/4,   84/34/2A-2U,  84/341/1-8) 
Residential  419  units  on  32.5  acres  =  12.9  units/acre 

Office  839,913  square  feet 

Retail  5,753  square  feet 

Manufacturing  274,747  square  feet 


Highland  Avenue/ 

Needham  Street 
Traffic  Analysis 

HOUSING  UNITS  AND 
NON-RESIDENTIAL  BUILDING  SPACE 
NEWTON  SUBAREAS 

CTPS 

TABLE 

2-lb 

Technical  Report  56a 
August  1986 
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Suoarea  C  is  primarily  a  non-residential  area  characterized 
by  industrial  uses  closer  to  the  railroad  and  Route  128,  with 
office  and  retail  uses  along  or  just  behind  Highland  Avenue;  a 
few  residences  remain,  huddled  around  Highland  Circle.  Because 
of  the  lack  of  through  streets  and  the  historical  industrial 
development  of  the  area,  the  existing  uses  are  crowded  together, 
with  no  thought  to  setbacks  or  landscaping.     This,  as  well  as  the 
small  size  of  the  parcels,  acts  as  a  hindrance  to  major  redevel- 
opment of  the  subarea. 

Subarea  D  is  also  characterized  by  a  mix  of  land  uses,  with 
residential  anchoring  the  Newton  border,  retail  and  office 
abutting  Highland  Avenue,   and  manufacturing  leading  into  the  New 
England  Industrial  Center.     This  is  where  Second  Avenue,  the 
principal  ingress/egress  of  the  industrial  park,   intersects  with 
Highland  Avenue. 

Subarea  E  is  the  New  England  Industrial  Center   (NEIC),  pre- 
dominantly industry-oriented  but  with  a  sizable  office  segment  as 
well.      It   is  this  development  which  has  made  industry  of  growing 
significance  to  the  economy  of  Needham.     The  NEIC  is  contained  by 
the  Charles  River  Reservation  to  the  south,   the  Charles  River  to 
the  east,  and  Route  128  to  the  west.     To  the  north,  however, 
Highland  Avenue  interrupts  the  natural  northward  extension  of  the 
industrial  area  to  the  railroad. 

The  automobile  orientation  of  Highland  Avenue  has   lent  itself 
to  the  development  of  the  corridor   first  as  a  commercial  strip, 
and  now  as  a  mixed  commercial  and  office  strip.     Subarea  C's 
smaller  service  establishments  north  of  Highland  Avenue  are  pre- 
sently experiencing  encroachment  from  office  buildings,  as  evi- 
denced by  the  Babcock-AAA  building.     These  factors  have 
contributed  to  the  present  state  of   flux,   which  will  no  doubt 
continue  until  market  pressures  ease.     The  NEIC  is  characterized 
by  a  large  number  of  manufacturing  and  distribution  centers. 
Minimal  building  setbacks  and  limited  off-street  parking,   as  well 
as   the  street   layout  within  the  Center,   combine  to  form  a  visual 
morass . 

2.4.2  Newton 

Newton  has  been  divided  into  Subarea  F   (both  sides  of  Needham 
Street  between  the  railroad  rights-of-way  to  the  north  and  south, 
from  the  Charles  River  to  the  railroad  right-of  way  west  of 
Jaconnet  Street) ,   Subarea  G   (both  sides  of  Needham  Street  between 
the  railroad  right-of-way  to  the  north  and  Winchester  Street  to 
the  south,   from  the  railroad  right-of-way  west  of  Jaconnet  Street 
to  Curtis  Street  on  the  east),  and  Subarea  H  (the  Winchester 
Street  area  south  of  the  railroad  right-of-way,   including  the 
Wells  Avenue  at  Route  128  Office  Park,   west  to  the  Charles 
Ri  ver )  . 
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Subarea  F  contains  the  Newton  Industrial  Center  and  the  newer 
Marshall's  Shopping  Plaza.     Although  this  area  is  heavily 
manufacturing-oriented,   the  last  few  years  have  seen  more  office 
and  retail  growth,   resulting  in  a  link  between  the  commercial 
strip  in  Needham  and  that  in  Subarea  G  to  the  east.     One-way  and 
dead-end  streets  off  Needham  Street  give  a  feeling  of  congestion 
and  crowding  to  the  Newton  Industrial  Center.     The  residential 
area  off  of  Oak  Street  is  hemmed  in  by  nonresidential  uses,  the 
railroad,  and  the  Charles  River. 

Subarea  G  contains  a  more  balanced  mix  of  office,  retail,  and 
manufacturing  uses  than  Subarea  F.     Without  a  confining  railroad 
right-of-way  to  the  south,   this  area  has  been  able  to  diversify, 
and  is  characterized  by  a  number  of  office  uses,   followed  by 
manufacturing  and  retail,  respectively.     An  ill-defined, 
congested  residential  area  serves  as  a  buffer  for  the  residences 
south  of  Winchester  Street,   in  effect  taking  the  place  of  the 
railroad  right-of-way  buffer  to  the  west. 

Subarea  H  is  effectively  two  districts:     a  large  residential 
area,   and  the  Wells  Avenue  at  Route  128  Office  Park.     The  resi- 
dential area  has  more  houses  per  acre  than  the  one  in  Needham, 
but   is  also  characterized  by  areas  of  open  space.     The  office 
park,  against  the  Charles  Ri ver/Needham  border,   is  a  well- 
planned,   sprawling  office  and  warehouse  area  providing  generous 
setbacks  and  off-street  parking.      It  presents  a  pleasant  work 
environment  and  an  attractive  location,   and  has  attained  nearly 
100-percent  occupancy. 
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3  BACKGROUND 


3 . 1      PREVIOUS   CTPS  WORK 

The  initial  and  principal  work  in  which  CTPS  has  previously 
addressed  traffic  problems  along  the  Highland  Avenue/Needham 
Street  corridor  is  documented  in  the  Highland  Avenue/Needham 
Street  Reconnaissance  Report ,  published  in  February  1980. 
Intended  as  a  broad-scope  assessment  of  the  reasons  for  traffic 
congestion  in  the  corridor,   the  report  outlined  three  primary 
causes  of  local  traffic  problems: 

o  Significant  increases  in  commercial  development  without  com- 
mensurate increases  in  the  capacity  of  the  existing  roadway, 
particularly  Highland  Avenue  Bridge 

o  Common  arrival  and  departure  times  for  most  work  trips  in 
the  area 

o  A  relatively  high  percentage  of  single-occupant  vehicle 
trips   in  the  corridor 

To  address  these  issues,   the  report  recommended  the  consideration 
of  a  series  of  steps  to  be  implemented  as  a  comprehensive 
program : 

o  Detailed  evaluation  of  a  roadway-widening  program  from 
Second  Avenue  in  Needham  to  Winchester  Street   in  Newton, 
including  assessment  of  need  for  additional  vehicle  control 
at  Winchester  Street  and  Dedham  Street  and  at  Oak  Street  and 
Christina  Street 

o  Promotion  of  an  employer-based  program  for  variable  work 
hours  and  carpool  matching 

o  Examination  of  expanded  MBTA  regular-route  and  express  bus 
service  in  the  corridor 

o  Consideration  by  the  municipalities  of  Needham  and  Newton  of 
the  institution  of  site-plan  review  requirements  for  all 
future  development  within  the  corridor 

The  reconnaissance  report   led  to  further  discussion  among 
community  leaders   in  Needham  and  Newton  which  culminated  in 
endorsement  of  the   "Highland  Avenue-Needham  Street  Corridor 
Consensus  Plan." 
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In  addition  to  the  reconnaissance  report,  pertinent  CTPS 
work  includes  Newton-Needham  RACMs  Project;     Final  Report  (CTPS 
Technical  Report  29b,   February  1983)  ,  a  study  of  an  employer- 
based  ridesharing  program  designed  to  examine  the  effects  of  car- 
pool  promotion  on  peak-hour  travel  and  air  quality.     The  program 
focused  on  the  New  England  Industrial  Center   (NEIC),  which  bor- 
ders Route  128  and  Highland  Avenue  in  Needham,  and  was  initiated 
in  the  spring  of  1982.     Participation  proved  to  be  of  limited 
interest  to  employers  and  employees  working  in  the  area. 

A  number  of  factors,   including  the  economic  climate,  the 
dispersion  of  work-trip  origins,  and  the  diversity  of  the  area's 
industry,   contributed  to  the  apparent  lack  of  interest  in  the 
carpool  program.     The  resultant  low-level  participation  in  the 
program  produced  no  detectable  impact  on  peak-hour  traffic- vol- 
umes or  auto  emmissions.     The  report  points  out,  however,  that 
the  factors   influencing  commuter  choices  may  change.  Suggesting 
a  future  scenario  of  limited  parking  supply,  gasoline  shortages, 
and  higher  gasoline  prices,   the  report  concludes  that  ridesharing 
could  become  significantly  more  attractive  to  area  commuters  and 
could  help  to  improve  peak-hour  traffic  conditions. 

3  .  2     OTHER  PREVIOUS  WORK 

3.2.1     TOPICS  Plans 

Traffic  operations   in  the  communities  of  Needham  and  Newton 
were  comprehensively  reviewed  in  1972  as  part  of  the  Areawide 
TOPICS  planning  effort  of  the  Massachusetts  Department  of  Public 
Works.      In  the  city  of  Newton,   TOPICS  identified  the  "Centre 
Street/Winchester  Street  Area"  between  Walnut  Street  and  Needham 
Street  as  containing  a  series  of  high-accident   locations.     At  the 
intersections  of  Walnut  Street /Centre  Street,   Route  9  ramps  at 
Centre  Street  and  Winchester  Street,   and  Winchester  Street/ 
Needham  Street,   signal   installations  and  geometric  revisions  were 
recommended.     To  date,   TOPICS-recommended  improvements  on  this 
segment  have  been  completed  only  at  the  Walnut  Street/Centre 
Street  intersection. 

The  Newton  TOPICS  plan  also  cites  traffic  problems  along 
Needham  Street,   which  it  ascribes  to  the  intensity  of  abutting 
commercial  and  industrial  activity.     Particular  problems  are 
noted  in  the  vicinity  of  the  Highland  Avenue  Bridge,   where  the 
narrowed  surface  is  thought  to  restrict  traffic  flow  between 
Needham  and  Newton.     Reconstruction  of  a  widened  Needham  Street 
and  bridge  is  recommended  in  conjunction  with  additional  access 
controls  on  Needham  Street,   these  measures  to  be  implemented  as  a 
coordinated  effort. 

At  the  time  the  Needham  TOPICS  plans  were  being  written 
(1971  and  1972),   the  Wells  Avenue  at  Route  128  Office  Park  was  in 
the  development  stage  and  public  hearings  were  being  held  by  the 
Massachusetts  Department  of  Puolic  Works   ( MDPW)    to  discuss  design 
plans   for   improvements  along  Highland  Avenue  from  Route  128  to 
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Second  Avenue.     The  improvements  under  design  were  to  address 
accident  problems  at   four   intersections  on  Highland  Avenue: 

o  First  Avenue 
o  Wexford  Street 
o  Charles  Street 
o  Second  Avenue 

At  the  time,  First  Avenue  traffic  was  controlled  by  a  semi- 
actuated  signal,  and  operations  at  Wexford  Street,  Charles  Street 
and  Second  Avenue  were  uncontrolled.     The  MDPW  designs  called  for 
new  traffic  signals  at  each  location.     At  the  Wexford  Street  and 
Charles  Street  intersections,  TOPICS  recommended  consideration  of 
a  traffic  signal  coordinated  with  the  First  Avenue  and  Second 
Avenue  controllers.     Citing  significant  levels  of  traffic 
apparently  generated  by  the  area's  industrial  activities,  cir- 
culation adjustments  and  new  pavement  markings  were  also  recom- 
mended for  consideration. 

To  the  south  of  the  NEIC  on  Kendrick  Street,   the  Wells 
Avenue  at  Route  128  Office  Park  was  expected  to  generate  signifi- 
cant volumes  of  additional  traffic.     Peak-hour  conditions  were, 
therefore,   expected  to  deteriorate  at  the  intersections  of  Third 
Avenue  and  Fourth  Avenue.     To  maintain  acceptable  peak-hour  con- 
ditions for  the  foreseable  future,  TOPICS  recommended  considera- 
tion of   installing  fully  actuated  signals  at  both  Third  Avenue 
and  Fourth  Avenue,   with  improved  channelization  and  pavement 
mark  i  ngs . 

In  response  to  expectations  of  continued  expansion  of 
industrial  and  commercial  activities  in  the  Highland  Avenue/Route 
128  area,   three  additional  recommendations  were  made  in  the 
Needham  TOPICS  plan: 

o  Development  of  an  improved  route  to  Highland  Avenue  along 
Fourth  Avenue  or  Second  Avenue,   to  minimize  the  utilization 
of  residential  streets  for  commuter  travel. 

o  Commitment  by  the  community  to  the  development  of  a  traffic 
plan  that  would  provide  new  access  roads  and  circulation 
controls  on  the  north  side  of  Highland  Avenue  between  Gould 
and  Webster  streets.     Pressure  for  more  intensive  commercial 
use  of  the  area  was  advancing  and  threatened  to  disrupt 
traffic  operations  in  the  area. 

o  Construction  of  a  new  off-ramp  from  Route  128,   in  order  to 
reduce  the  conflict  between  exiting  traffic  from  Route  128 
northbound  and  eastbound  traffic  on  Highland  Avenue.  The 
new  off-ramp  would  begin  north  of  Kendrick  Street,  be 
aligned  between  and  parallel  to  First  Avenue  and  Route  128, 
and  connect  with  the  existing  southeast-quadrant  ramps.  The 
new  ramp  would  have  a  direct  connection  to  First  Avenue  at  A 
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Street,   to  serve  the  industrial  park.     In  conjunction  with 
this  proposal  a  ramp  to  move  southbound  traffic  onto  Route 
128  from  the  industrial  park   (as  well  as  other  generators) 
was  suggested.     Such  a  ramp  connection  was  physically 
feasible  south  of  Kendrick  Street  but  significant  grade  and 
right-of-way  adjustments  and  a  possible  widening  of  the 
Kendrick  Street  underpass  on  Route  128  would  require  further 
consideration . 

3.2.2  Transportation-Impact  Study  of  Affiliated  Jewish  Community 
Campus 

In  March  1979,  a  traffic  study  was  undertaken  to  determine 
the  transportation  impacts  of  a  community  center  proposed  oppo- 
site the  Wells  Avenue  at  Route  128  Office  Park  on  Nahanton- Street 
in  Newton.     The  project,   to  establish  what  is  now  called  the 
Gosman  Jewish  Community  Campus,   was  a  redevelopment  of  the  struc- 
tures occupying  the  site  for  reuse  as  a  community  center.  At 
present,   the  work  is  nearly  complete  and  the  renovated  buildings 
are  partially  occupied. 

Access  to  the  facility  is  provided  via  a  driveway  located  at 
the  intersection  of  Nahanton  Street  and  Wells  Avenue.  Emergency 
access  is  possible  by  a  pair  of  driveways  on  Winchester  Street, 
which  are  normally  blocked  by  chain  barricades  to  prevent  other 
uses  and  discourage  traffic  on  Winchester  Street. 

The  study  concluded  that  traffic  generated  by  the  community 
center  would  not  significantly  impact   flows   in  the  Nahanton 
Street-Winchester  Street  area.     However,   existing  traffic  con- 
ditions at  the  Wells  Avenue  intersection  were  found  to  be  hazar- 
dous,  due  to  high  travel  speeds  on  Nahanton  Street,   which  cause 
difficulty  in  moving  from  Wells  Avenue  onto  Nahanton  Street. 

To  address  these  problems  the  study  recommended  installation 
of  a  demand-actuated  signal  to  service  the  intersection  of  the 
Gosman  campus  driveway,   Wells  Avenue  and  Nahanton  Street.  The 
new  signal  would  provide  for  orderly  traffic  flow  and  would  tend 
to  lower  vehicle  speed  on  Nahanton  Street.     Construction  of  the 
signal  is  being  funded  by  the  City  of  Newton  and  was  expected  to 
begin  in  March  of  1985. 

3.2.3  Redesign  for  the  Needham  Street/Highland  Avenue  Corridor 

In  February  1982,   the  Massachusetts  Department  of  Public 
Works  released  prints  of  plans   (drawn  to  scale:     one  inch  =  50 
feet)   of  two  alternative  design  improvements   for  the  Highland 
Avenue/Needham  Street  corridor.     The  plans  were  drawn  on  aerial 
photos  of  the  corridor  between  Route  9  in  Newton  and  Route  128  in 
Needham,   and  were  intended  to  provide  some  idea  of  the  effect 
roadway  improvement  would  have  on  abutting  properties. 
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Each  of  the  alternatives  considered  involve  surface  widening 
to  provide  a  minimum  of  four  12-foot  travel  lanes.     Alternative  I 
is  a  70-foot  cross  section  which  includes  8-foot  shoulders,  a 
6-foot  non-t raver s i ble  median  section,  and  24  feet  of  lane  sur- 
face to  either  side.     Alternative  II   is  a  48-foot  cross  section 
without  shoulders  or  median.     The  plans  do  not  include  proposals 
for  consolidation  of  curb-cuts,  geometric  change,  or  intersection 
signalizat ion. 

As  drawn,  alternative  plans  I  and  II  essentially  follow  the 
centerline  of  the  present  surface  alignment  to  indicate  where 
alternative  curb-edge  lines  would  lie  with  respect  to  abutting 
buildings  and  structures.     According  to  the  plans  presented, 
Alternative  I   (70-foot  section)  primarily  affects  off-street 
parking  areas  and  would  likely  change  existing  parking  patterns 
on  either  side  of  Needham  Street  and  Highland  Avenue  and  on  the 
eastern  side  of  Winchester  Street.     The  70-foot  layout  would  also 
significantly  reduce  the  walking  space  available  to  pedestrians 
and  would  in  several  instances  greatly  diminish  building  set- 
back.    In  fact,  on  the  southern  side  of  Needham  Street  in  Newton, 
the  potential  exists  for  several  buildings  to  front  directly  on 
the  curb-edge.     It  is  not  clear  from  the  plans  whether  one 
existing  structure  would  actually  encroach  on  the  new  layout. 

Alternative  II  does  not  appear  to  substantially  affect 
building  setback  or  off-street  parking  areas,   since  the  48-foot 
width  falls  entirely  within  the  existing  MDPW  layout.     On  most 
sections  the  grass  strip  between  sidewalk  and  curb  is  sufficient 
to  accommodate  required  surface  expansion.     Sidewalk  relocations 
may  be  necessary  in  some  areas  to  accommodate  existing  facili- 
ties. 
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PHYSICAL  INVENTORY 


4.1  RIGHT-OF-WAY 

The  Needham/Newton  Corridor  Consensus  Plan  requires  72  feet 
of  right-of-way  on  Highland  Avenue  and  Needham  Street.  This 
includes  a  combination  of  five  12-foot  lanes  and  two  6-foot  side- 
walks.    On  certain  segments,   four-lane  sections  are  recommended, 
which  would  require  a  maximum  width  of  60  feet. 

With  the  exception  of  the  Highland  Avenue  Bridge  at  the 
Charles  River,   Massachusetts  Highway  Bounds   (MHB)   are  60-feet 
wide  east  of  First  Avenue  in  Needham  as  far  as  Winchester  Street 
in  Newton.     At  the  Highland  Avenue  Bridge,   the  MHB  expand  to  86 
feet  to  accommodate  bridge  footings  and  support  abutments. 

4 . 2  SURFACE  WIDTH 

The  road-surface  width  is  narrowest  on  the  bridge,  where 
curb-to-curb  width  totals  29  feet.     The  surface  width  for  the 
remainder  of  Highland  Avenue  and  Needham  Street   is  generally  40 
feet,  but  varies  between  30  and  52  feet.     A  segment-by-segment 
inventory  of  physical  and  functional  characteristics  is  contained 
in  Appendix  C. 

The  surface  width  is  divided  into  two  lanes  by  a  double 
yellow  centerline  in  the  Needham  Street  section.     Vehicles  on 
this  section  of   the  corridor  generally  travel   in  a  single  line, 
weaving  around   left-turn  vehicle  queues. 

In  Needham,   Highland  Avenue  begins  at   the  Highland  Avenue 
Bridge  as  two  lanes  and  gradually  expands  to  four  by  the  Second 
Avenue  intersection.     The  four-lane  section  is  maintained  as  far 
west  as  the  Hunting  Road  and  Gould  Street  intersection.     West  of 
this  intersection,   the  roadway  merges  into  a  two-lane  section. 

4 . 3  SEGMENT  LENGTHS 

Corridor  segment  lengths  are  as  follows: 


Needham  and  Newton 


Segment 


Length   (in  miles) 


Webster  St.    to  Route  9 


2.05 
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Needham 


Segment  Length   (in  miles) 

Webster  St.   to  Mills  St.  .15 

Mills.   St.   to  S.B.   Ramp  (west  side)  .14 

S.B.   Ramp  to  Route  128  .19 

Route  128  to  First  Ave.  .22 

First  Ave.   to  Second  Ave.  .14 

Second  Ave.   to  Newton  City  Line  . 17 

Webster  St.   to  Newton  City  Line  1.01 

Newton 

Needham  Town  Line  to  Christine  St.  and  Oak  St.  .07 

Christine  St.   and  Oak  St.   to  Columbia  Ave.  .52 

Columbia  Ave.    to  Winchester  St.  . 23 

Needham  Town  Line  to  Winchester  St.  .82 

Dedham  St.   to  Route  9  . 22 

Needham  Town  Line  to  Route  9  1.04 


For  all  practical  purposes,   the  corridor   is  evenly  divided 
between  the  two  communities.     Highland  Avenue  is  the  single 
longest  corridor  street    (1.01   miles),   followed  by  Needham  Street 
(.82  miles)   and  a  short  segment  of  Winchester  Street   (.22  miles). 
Center  Street   in  Newton,   north  of  Route  9,    is  considered  part  of 
the  corridor  only  as   it  relates  to  the  westbound  Route  9  ramps. 

4 .4     CURB  CUTS 

Along  the  1.57-mile  section  of  the  corridor  between  Route  9 
in  Newton  and  First  Avenue  in  Needham,   there  are  some  102  curb 
cuts,   which  vary  in  length  from  9  feet  to  294.5  feet.  Intersec- 
tion openings  account  for  only  19  of  the  total.     The  remaining  83 
openings  furnish  direct  access  to  the  parking  facilities  of 
abutting  businesses. 

Along  the  north-south  oriented  Winchester  Street  segment, 
there  are  three  curb  cuts  on  the  west  side  and  eight  on  the  east 
side.     Among  the  eight  on  the  east  are  two  of  the  longest  curb 
openings  in  the  corridor;   this  side  is  the  most  extensively  curb 
cut  section,   with  58  percent  of  the  roadside  uncurbed. 

On   .82-mile  Needham  Street,   curb  cuts  are  more  evenly 
divided  between  sides.     To  the  north  there  are  28  and  to  the 
south  there  are  30.      In  sum,   these  58  curb  cuts  occur  at  the 
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relatively  high  rate  of  71  per  mile.l     With  curb  openings  in 
excess  of  100  feet  in  length,   the  roadside  is  open  along  40  per- 
cent of  the  northern  and  42  percent  of  the  southern  edge. 

Curbside  conditions  along  Highland  Avenue  between  the  Newton 
City  Line  and  First  Avenue  in  Needham  are  similar  to  those  found 
on  Needham  Street.     Curb  cuts  are  almost  evenly  split  between 
sides:     17  on  the  north  and  16  on  the  south  side.     Frequency  is 
similarly  high,  at  a  rate  of  70  curb  cuts  per  mile.  Roadside 
cuts  are  extensive:     36  percent  of  the  south  side  and  40  percent 
of  the  north  side  is  open. 

The  differences  between  Highland  Avenue  and  Needham  Street 
are  that  Highland  has  a  higher  rate  of  i ntersect ions--l 7  per  mile 
versus  13  per  mile  on  Needham  Street — and  has  more  driveway- 
access  parking  facilities  than  Needham  Street.     On  Needham  Street, 
store-front,  angle  parking  with  unlimited  street  access  is  more 
prevalent,  particularly  along  eastern  portions. 

4 . 5      PAVEMENT  CONDITIONS 

Resurfaced  last   in  August  of  1980,   surface  condition  along 
all  segments  of  the  corridor  is  good,  although  two  problem  areas 
exist  on  Needham  Street: 

o  the  at-grade  rail  crossing;  and 
o  the  Christina  Street  intersection. 

At  the  railroad  crossing,   the  pavement  has  receded   from  the  rail 
flange  and  raveling  is  apparent  at  the  pavement  edge.     At  the 
Christina  Street  intersection,   substantial  rutting  has  developed 
on  the  southwestern  quadrant  where  the  pavement  meets  a  gravel 
shoulder.     Westbound  Needham  Street   traffic  circumventing  left- 
turn  queues   for  Oak  Street  often  uses  the  shoulder  and  has 
displaced  the  base  over  time. 

The  road-surface  markings  are  particularly  worn  on  the  por- 
tions of  the  corridor  east  of  Route  128.     Edge  detection  is  par- 


Iwalton,  C.   Michael  et  al.,   "Accident  and  Operational  Guidelines 
for  Continuous  Two-Way  Left-Turn  Median  Lanes,"  Traffic  Control 
Devices,   Geometries,   Visibility  and  Route  Guidance, 
(Transportation  Research  Record  737,  Transportation  Research 
Record).     In  their  discussion  of  physical  characteristics 
affecting  the  safety  of  road  segments,   the  authors  allude  to  the 
importance  of  the  number  of  driveways  per  mile  as  a  descriptor 
of  the  level  of  roadside  development.     In  Table  3   (page  50) ,  the 
authors  use  frequencies  greater  than  60  driveways/mile  to 
indicate  high  levels  of  development  and  less  than  40  driveways/ 
mile  to  indicate  low  levels  of  development. 
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ticularly  difficult  on  most  segments  due  to  the  absence  of 
sidelines,   instances  of  deteriorated  curb  reveal,  and  extensive 
at-grade  driveway  openings. 

4 . 6  PARKING 

On-street  parking  is  governed  by  Massachusetts  state  law, 
which  does  not  permit  parking  on  thoroughfares  under  the  Common- 
wealth's jurisdiction.     At  present,  the  practice  of  on-street 
parking  is  apparent  in  only  two  areas  of  the  corridor.  Long-term 
parking  is  present  on  the  westbound  Route  9  on-ramp,  and  delivery 
vehicles  make  short-term  curbside  stops  to  unload  goods  on  the 
south  side  of  Highland  Avenue  east  of  Second  Avenue. 

While  the  on-street  parking  is  not  particularly  disruptive 
to  traffic  flow  along  the  corridor,  off-street  parking  operations 
often  interfere  with  traffic  operations  along  Winchester  Street 
and  on  eastern  sections  of  Needham  Street.     Parking  is  difficult 
and  unsafe  in  several  locations  where  off-street  spaces  border 
the  roadway.     To  provide  the  maximum  amount  of  storefront 
parking,   angle  spaces  are  typically  designated  along  open  drives 
which  commonly  extend  for  the  length  of  the  parcel.     Access  to 
and  from  lots  is  random,  and  limitations  on  space  within  the 
facility  often  force  vehicles  to  compete  with  street  traffic  to 
complete  entrance/exit  maneuvers. 

4 . 7  SIDEWALKS 

Frequently  interrupted  by  driveways,   sidewalks  are  intermit- 
tently present  on  both  sides  of  the  corridor.     Typical  widths 
range  between  4  and  6  feet,   with  2-3  foot  grass  strips  between 
the  curb  and  the  walking  surface. 

4.8  DRAINAGE 

Storm  sewers  are  present  on  either  side  of  all  corridor 
segments   in  both  Needham  and  Newton.     Weather-related  flooding 
problems  are  not  apparent,   except  that   localized  flooding  some- 
times occurs  in  the  winter  when  sand  and  snow  block  sewers. 

4.9  LIGHTING 

On  Highland  Avenue  in  Needham,   all  overhead  street  lighting 
is  positioned  on  the  south  side  of  the  street.     With  the  excep- 
tion of  the  Route  128  overpass,  coverage  is  limited  to  intersec- 
tion locations.     Coverage  on  all  sections  of  Highland  Avenue  is 
adequate,  however,  because  of  the  high  frequency  of  intersec- 
tions . 

On  Needham  Street   in  Newton,   streetlights  are  posted  at 
regular  intervals  on  alternate  sides  of  the  street.     The  higher 
frequency  of   lights  provides  better  overall  coverage  than  that  on 
Highland  Avenue. 


5     TRAFFIC  VOLUME 


5.1  MECHANICAL  COUNTS 

In  March  of  1982  and  October  of  1983  the  Massachusetts 
Department  of  Public  Works   (MDPW)   conducted  traffic  counts 
covering  some  37  locations  in  the  Needham  Street/Highland  Avenue 
study  area.     In  addition,  a  limited  number  of  locations  were  also 
surveyed  in  September  and  October  of  1984  by  CTPS .  Locations 
were  surveyed  using  mechanical  traffic  recorders  for  periods  of 
time  ranging  from  24  hours  to  7  days. 

Average  daily  traffic   (ADT)    for  typical  24-hour  periods  is 
enumerated  by  survey  location  in  Tables  5-1  and  5-2.     To  derive 
ADTs  from  the  counts,   the  count  sample  is  totaled  and  divided  by 
the  number  of  24-hour  periods  covered.      (For  analysis  purposes, 
1983  ADTs  are  used,   since  these  counts  were  more  extensive.)  In 
this  manner,  ADTs  were  developed  for  1983  as  shown  by  location  in 
Figure  5-1  . 

5 . 2  ADT  CHARACTERISTICS 

As  indicated  in  Figure  5-1,   corridor  traffic  is  heaviest  on 
Highland  Avenue  in  the  vicinity  of  the  Route  128  ramps  in 
Needham.     Treating  the  ramp  system  as  a  central  locus,  study-area 
traffic  volumes  generally  decline  in  proportion  to  distance  from 
the  center.     There  is  one  exception  to  this  rule. 

Traffic  volumes  on  First  Avenue   (ADT  of  7900)   are  lower  than 
those  on  the  more  distant  Second  Avenue   (CTPS  estimate  not  shown; 
10,500  in  1983).     This   is  because  Highland  Avenue  is  median- 
separated  at  the  point  of  intersection  with  First  Avenue. 

The  median  divider  was  extended  east  of  First  Avenue  in  1976 
to  prevent  First  Avenue  traffic  from  crossing  eastbound  traffic 
on  Highland  Avenue.     Prior  to  extension  of  the  median,  unsafe 
vehicle  queuing  often  occurred  on  the  northbound  Route  128  exit 
ramp  to  Highland  Avenue  during  peak  periods. 

The  median  barrier  also  caused  a  shift  in  traffic  patterns 
that  is  reflected  in  relatively  low  traffic  volumes  on  First 
Avenue  and  higher  volumes  on  Hunting  Road.     The  median  causes 
First  Avenue  to  function  primarily  as  an  entrance  to  the  New 
England  Industrial  Center   (NEIC).     Traffic  exiting  the  NEIC  in 
the  direction  of  Route  128  or  points  west  has  three  options: 
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Street 

Count  Location 

Volume 

Highland  Ave. 

Between  First  Ave. 
&  Second  Ave. 

33 ,000** 

Needham  St. 

E.   of  Oak  St. 
w .   or  uaK  o u . 
Between  Columbia  Ave. 

&  Winchester  St. 
Between  Columbia  Ave. 

&  Jaconnet  St. 

28,050* 
27,100* 

22,800** 

22,850** 

First  Ave. 

S. 

of 

Highland  Ave. 

7,900** 

Third  Ave. 

N. 

of 

Kendrick  St. 

3,800** 

Fourth  Ave. 

N. 

of 

Kendrick  St. 

5,550** 

Christina  St. 

S. 

of 

Needham  St. 

2,  350** 

Hun t  i ng  Rd . 

S  . 
N. 

of 
of 

Highland  Ave. 
Kendrick  St. 

in  Ron  * 
10,450** 

Gould  St. 

N. 

of 

Highland  Ave. 

9,500* 

Webster  St. 

S  . 

of 

Greendale  Ave. 

6  ,  300** 

Greendale  Ave. 

E. 
N. 
S  . 

of 
of 
of 

Webster  St. 
Kendrick  St. 
Kendrick  St. 

1  ,750* 
1  ,200** 

Kendrick  St. 

E  . 

of 

Hunting  Rd . 

14,150* 

Wells  Ave. 

S. 

of 

Nahanton  St. 

8,050* 

Winchester  St. 

Between  Route  9  Ramps 

&  Dedham  St. 
Between  Dedham  St. 

&  Columbia  Ave. 
Between  Columbia  Ave. 

&  Jaconnet  St. 

25  ,450** 
4,800** 
4, 700** 

Col umbi a  Ave . 

Between  Needham  St. 
&  High  St. 

350** 

Nahanton  St. 

E. 

of 

Wells  Ave. 

14, 700** 

*24  hours  only 
**48  hours 

♦ 


* 


* 


Highland  Avenue/ 
Needham  Street 

1984 

MDPW  AWDT  TRAFFIC  COUNTS 

CTPS 

TABLE 

5-1 

Technical  Report  56a 
August  1986 
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Street 

Count  Location 

Count  Period 

Volume 

Needham  St. 

EB  at  Charles  River 
WB  at  Charles  River 
WB  at  Charles  River 

(9/24-9/28) 
(9/24-9/28) 
(9/17-9/20) 

14,228 
15 ,091 
14,304 

EB  at  Newton  Engineering 
WB  at  Boston  Desk 
WB  at  Boston  Desk 

(9/17-9/20) 
(9/17-9/21) 
(9/24-9/28) 

12,768 
11  ,301 
11 ,563 

Winchester  St. 

South  of  Route  9 

(Oct . ) 

24,985 

Route  9  EB 
On/Off  Ramp 

East  of  Winchester  St. 

(Oct . ) 

8,758 

Route  9  WB 
On/Oft  Ramp 

West  of  Centre  St. 

(Oct . ) 

4,  741 

Centre  St. 

East  of   Route  9 

(Oct . ) 

24 ,648 

Highland  Avenue/ 

Needham  Street 
Traffic  Analv.qis 

1984 

CTPS  AWDT  TRAFFIC  COUNTS 

CTPS 

TABLE 

5-2 

Technical  Report  56a 
August  1986 
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o  Exit  at  First  Avenue  and  U-turn  at  the  median-end  near 
Wexford  Street 

o  Exit  on  Second  Avenue 

o  Exit  onto  Kendrick  Street,   cross  Route  128,  and  access 
Hunting  Road 

The  circuitous  Hunting  Road  path  serves  two  trip  types:  those 
exiting  the  NEIC  and  trips  to  and  from  the  Wells  Avenue  at  Route 
128  Office  Park.     The  travel  times  of  this  longer  route  become 
competitive  during  periods  of  peak  travel,  when  congestion 
lessens  the  time  advantage  of  First  Avenue  or  Second  Avenue  exit 
routes . 

5 . 3      TURNING -MOVE ME NT  COUNTS 

Turning-movement  counts  were  conducted  at  selected  intersec- 
tions throughout  the  study  area  during  the  fall  of  1984.  In 
total,   16   locations  were  sampled  during  the  periods: 

7:00  AM  -   9:00  AM  (AM) 
11 :00  AM  -   1 :00  PM  (MID) 
4:00  PM  -  6:00  PM  (PM) 

For  each  two-hour  period,   vehicle  movements  were  totalled  by 
quarter  hour.     The  data  were  subsequently  summarized  for  each 
hour  on  the  quarter  hour   to  determine  AM,    MID,   and  PM  peak  hours. 
Peak  hours,   therefore,   represent  the  sum  of  the  four  highest  con- 
secutive quarter  hours  of  each  two-hour  sampling  period.  Study- 
area  peak  hours  are  specified  by  location  and  date  of  survey  in 
Table  5-3. 

Examination  of  peak-hour  occurrence  reveals  that  there  is  a 
tendency  of  traffic  to  peak  in  sequence  across  the  study  area 
according  to  the  traffic-generating  characteristics  of  local/ 
adjacent   land  use.     This   finding  is  predictable  inasmuch  as  dif- 
ferent land  uses  generate  peak  traffic  volumes  at  different 
times;  e.g.,  office  and  retail  districts  tend  to  have  different 
peak  t  i  mes . 

This  tendency  of  area  traffic  activity  to  display  discrete 
peaking  characteristics  by  location  is  demonstrated  in  Table  5-4. 
As  shown  in  the  table,   the  intersections  selected  are  primarily 
influenced  by  one  of  the  four  basic  land-use  types  present  in  the 
study  area.     Intersections  influenced  primarily  by  the  NEIC 
experience  peak  traffic  conditions  earliest  in  both  the  AM 
(7:30-8:30)    and  the  PM  (4:15-5:15  or  4:30-5:30)   periods.  The 
intersection  which  best  represents  the  effects  of  an  office  park 
on  traffic  is  Nahanton  Street  at  Wells  Avenue  in  Newton.  Traffic 
here  peaks  slightly  later  than  in  the  industrial  NEIC  area  in  the 
morning   (8:00-9:00  AM)   and  at  approximately  the  same  time  in  the 
evening   (4:30-5:30  PM) .     Those  intersections   influenced  mostly  by 
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Intersection 
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AM 
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Gould  St. 
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local  retail  and  residential  development  peak  latest  in  both  the 
morning   (8:00-9:00  AM)   and  the  evening   (4:45-5:45  PM  or  5:00-6:00 
PM) .     Most  of  the  remaining  intersections  in  the  study  area 
exhibit  a  mix  of  peak-hour  times  due  generally  to  a  combination 
of   land-use  influences. 

As  described  above,   the  area's  diversity  of  land  uses  causes 
traffic  to  peak  successively  depending  on  the  location.  This 
condition  is  compounded  by  the  area's  dense  level  of  development, 
which  generates  high  levels  of  traffic  at  each  succeeding  peak. 
In  combination,  these  factors  cause  isolated  peak  flows  to 
overlap  and  the  area  as  a  whole  to  experience  high  volumes 
throughout  peak  periods.     In  fact,  peak-hour  volumes  at  most  area 
intersections  are  only  slightly  higher  than  volumes  from 
surrounding  hours. 

Table  5-5  is  a  compilation  of  the  percentage  differences 
which  exist  between  morning  and  evening  peak  hours  and  the  next- 
highest  hour  occurring  in  each  time  period.     On  average,  AM  peak 
hours  differ   from  the  next-highest  AM  hour  by  only  2.7%.  During 
the  peak  evening  period  the  mean  difference  drops  to  2.2%.  These 
small  differences  suggest  the  maintenance  of  high  levels  of  traf- 
fic throughout  peak  periods. 

From  a  land-use  perspective,  while  it  is  the  combination  of 
diversity  and  density  factors  which  gives  rise  to  extended  peaks, 
it   is  the  diversity  of  the  area  which  spreads  traffic  relatively 
evenly  over  the  peak.     In  the  absence  of  diversity,   the  pressure 
of  high  land-use  density  would  cause  traffic  demands  to  spike 
sharply  higher,   although  possibly  for  shorter  periods.  Land-use 
diversity  is  consequently  beneficial  to  the  area,   since  it 
actually  diverts  peak-hour  demands  away  from  a  uniform  time. 

5 .4     FLOW  DIAGRAMS 

Certain  sections  of  the  study  area  do,  however,  experience 
greater  travel  demands  and  consequently  higher  concentrations  of 
traffic  than  do  others.     A  series  of  traffic-flow  diagrams  which 
identify  areawide  traffic  volumes  by  location  and  direction  are 
presented  in  Figures  5-2  through  5-4.     The  source  of  these 
diagrams  is  the  CTPS  turning-movement  survey  conducted  in 
September  and  October  of  1984.     For  the  sake,  of  consistency,  com- 
mon morning     (7:30-8:30  AM),   midday   (12:00-1:00  PM) ,  and  evening 
(4:15-5:15  PM)   peak  hours  were  selected,  on  the  basis  of  overall 
frequency.     As  a  consequence,  areawide  peak  hours  do  not 
necessarily  reflect  actual  peak-hour  volumes  for  each  location. 

5.4.1     Total  Volume 

On  Highland  Avenue,   traffic  concentration  is  consistently 
highest   in  the  vicinity  of  Route  128.     The  effects  of  Route  128 
on  area  traffic  are  also  apparent  on  Needham  Street,  where  traf- 
fic volumes  are  typically  highest  near  the  Oak  Street/Christina 
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I nt ersect  ion 

Percent 

Di  f  f erence 

A.M. 

P.M. 
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Street   intersection.     During  AM  and  PM  peak  hours,   traffic  totals 
along  Kendrick  Street  and  Nahanton  Street  display  an  east-to-west 
pattern  comparable  in  magnitude  to  Needham  Street.     Midday  peak- 
hour  traffic  on  Needham  Street  is  roughly  twice  that  of  the 
Kendrick  Street/Nahanton  Street  segment. 

5.4.2     Direction  of  Flow 

Study-area  traffic  volumes  exhibit  considerable  shifts  in 
direction  of  flow  by  time  of  day.     In  the  morning,  work  trips 
depart  Needham  and  Newton  along  the  Highland  Avenue/Needham 
Street  corridor  in  the  direction  of  Route  128.     Route  128  in  turn 
provides  an  even  higher  volume  of  trips  to  employment  destina- 
tions along  Kendrick  Street/Nahanton  Street,  Highland  Avenue/ 
Needham  Street,  and  Gould  Street.     With  the  exception  of  Highland 
Avenue/Needham  Street,   the  process  is  largely  reversed  during  the 
PM  peak.     On  Highland  Avenue  and  Needham  Street,  work-trip 
effects  on  direction  are  diluted  during  the  PM  peak  by  the  addi- 
tion of  a  significant  number  of  non-work  trips,  which  results  in 
more  of  a  balance  between  the  eastbound  and  westbound  flows. 

Midday  traffic  in  the  study  area  appears  to  have  little 
directionality  in  most  cases.     The  primary  exception  is  a  slight 
eastbound  direction  on  Highland  Avenue  beginning  east  of  Route 
128  and  continuing  to  the  area  approximately  bounded  by 
Marshall's  Plaza  and  the  McDonald's/Tang  Dynasty  restaurant/ 
retail  area.     Similarly,   from  the  east  there  is  a  westbound  flow 
from  the  Route  9  and  Newton  area.      In  the  discussion  which 
follows,   midday  directionality  will  be  addressed  only  for  those 
specific  locations  which  have  traits  which  diverge  from  the  norm. 

Highland  Avenue   (West  of  Route  128) 

During  the  morning  peak  hour,   traffic  on  Highland  Avenue  is 
di rect ional ly  oriented   (61  percent  at  Gould  Street,  68  percent  at 
Webster  Street)   eastbound  from  Needham  toward  Route  128.  The 
pattern  is  reversed  in  the  evening  as  traffic  becomes  predomi- 
nantly westbound   (55  percent  at  Gould  Street,   to  58  percent  at 
Webster  Street)  . 

Gould  Street   (at  Highland  Avenue) 

Gould  Street  traffic  is  61-percent  northbound  in  the  morning 
and  62  percent  southbound  in  the  evening.     The  pattern  results 
from  work  trips  to  and  from  employment  areas  on  Gould  Street  and 
envi  rons . 

Hunting  Road 

At  Highland  Avenue,   Hunting  Road  traffic  moves  predominantly 
northbound   (67  percent)    in  the  morning,   reversing  direction  to 
southbound   (66  percent)    in  the  evening.     This  pattern  is  indica- 
tive of  Hunting  Road's  function  as  an  i mporter /exporter  of  work 
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trips  to  and  from  Gould  Street  and  Route  128  during  the  morning 
and  evening  peaks. 

South  of  Kendrick  Street,  morning  and  evening  directional 
shifts  are  more  pronounced.     Peak  traffic  is  88-percent  north- 
bound during  the  evening  peak.     These  shifts  are  due  to  the  peak 
periods'    function  of  importing/exporting  work  trips  for  employment 
centers  on  Kendrick  Street/Nahanton  Street,  Highland  Avenue  (both 
east  and  west),  and  Gould  Street. 

Greendale  Avenue  (North  of  Kendrick  Street) 

Supplying  trips  to  and  from  the  employment  areas  along 
Kendrick  Street  and  Nahanton  Street,  Greendale  Avenue  traffic  is 
65-percent  eastbound  in  the  morning  and  66-percent  westbound  in 
the  evening. 

Kendrick  Street 

West  of  Hunting  Road,   Kendrick  Street  functions  in  conjunc- 
tion with  Greendale  Avenue,   importing  work  trips  destined  for  the 
industrial  and  office  parks  east  of  Route  128  in  the  morning  and 
exporting  these  work  trips  in  the  evening.     Eastbound  traffic 
accounts  for  75  percent  of  the  flow  in  the  morning  and  westbound 
movement  accounts   for  76  percent   in  the  evening. 

East  of  the  NEIC  entrances  at  Third  Avenue  and  Fourth 
Avenue,   morning  eastbound  flows  decline  from  88  to  59  percent. 
During  the  evening,   traffic  moving  westbound  is  57  percent  of  the 
total  east  of  Fourth  Avenue  and  77  percent  west  of  Third  Avenue. 

Nahanton  Street 

The  Wells  Avenue  at  Route  128  Office  Park  is  a  focus  of  AM 
and  PM  peak-period  traffic.      In  the  AM,   east  of  Wells  Avenue 
traffic  flows  are  56  percent   in  the  westbound  direction,  whereas 
to  the  west  of  Wells  Avenue  64  percent  of  the  traffic  moves   in  an 
eastbound  direction. 

During  the  PM  peak,   the  directional  splits  east  and  west  of 
the  office  park  are  symmetrical.     Traffic  flows  heading  westbound 
are  60  percent  of  the  total  immediately  to  the  west,  and  east- 
bound  flows  are  60  percent  of  the  total  immediately  to  the  east. 

Fourth  Avenue   (at  Kendrick  Street) 

Morning  traffic  on  Fourth  Avenue  is  86-percent  northbound/ 
inbound  to  the  NEIC.     Evening  flows  are  reversed — oriented 
southbound/outbound,  but  to  a  lesser   (65  percent)   degree.  Midday 
flows  favor  the  inbound  movement  59  percent  to  41  percent. 
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Third  Avenue   (at  Kendrick  Street) 

In  conjunction  with  Fourth  Avenue,  Third  Avenue  also  imports 
trips  to  the  NEIC  in  the  morning.     Overall,   78  percent  of  the 
flow  is  northbound,  a  level  slightly  below  that  experienced  at 
Fourth  Avenue.     However,  during  the  evening  period  Third  Avenue 
becomes  the  dominant  traffic  carrier  of  the  entrance/exit  pair, 
with  90  percent  of  the  flow  moving  in  the  southbound  direction. 

Highland  Avenue   (East  of  Route  128) 

AM-peak  volumes  are  directed  most  heavily  (70  percent)  east- 
bound  west  of  First  Avenue.     This  percentage  is  lower  to  the  east, 
declining  to  60  percent  immediately  east  of  Second  Avenue. 
PM-peak  flows  reflect  a  reversal  of  this  pattern:  immediately 
east  of  Second  Avenue,   52  percent  of  the  flow  is  westbound;  to 
the  west,   toward  Route  128,   the  flows  become  decidedly  more  west- 
bound,  reaching  66  percent  of  the  total  at  First  Avenue. 

First  Avenue   (at  Highland  Avenue) 

AM-peak  volumes  are  heaviest  in  the  southbound  direction, 
since  First  Avenue  serves  as  the  primary  means  of  access  to  the 
NEIC  from  the  north.     In  total,   some  90  percent  of  the  traffic  is 
southbound/ i nbound  during  the  morning  period.     During  the 
evening,   the  inbound  movement  continues  to  dominate  the  flow  by  a 
60  percent  to  40  percent  margin.     The  failure  of  morning  and 
evening  flows  to  move  in  opposite  directions   is  a  consequence  of 
the  right-turn-only  restriction  on  exiting  traffic. 

Second  Avenue   (at  Highland  Avenue) 

AM-peak  traffic  is  split  evenly  between  the  northbound  and 
southbound  directions.     When  viewed  in  total,   the  AM-peak  direc- 
tion of  flow  to  the  NEIC  is  inbound/southbound  from  Highland 
Avenue.     The  proximity  of  First  Avenue  to  Route  128  causes   it  to 
service  a  higher  number  of  these  trips  than  Second  Avenue.  The 
left-turn  prohibition  from  First  Avenue  to  Highland  Avenue  causes 
Second  Avenue  to  carry  higher  volumes  of  exiting/northbound  traf- 
fic.    During  the  AM  peak  this  condition  is  reflected  in  a  fairly 
even  split  of  traffic  on  Second  Avenue  and  a  90-percent  south- 
bound directed  flow  on  First  Avenue.     PM-peak  flows  on  Second 
Avenue  are  directed  85-percent  northbound/outbound. 

Needham  Street 

At  the  Oak  Street/Chr ist i na  Street  intersection,   59  percent 
of  the  morning  traffic  is  headed  east.     During  the  midday  and 
evening  periods  the  directional  split  becomes   less  well  defined. 

Further  east,  at  the  Tower  Road  intersection,   traffic  is 
almost  evenly  split  east/west  throughout  the  day.     At  this  point, 
opposing  demands  from  either  end  of  Needham  Street  converge. 
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At  its  easternmost  point,   the  Winchester  Street  intersec- 
tion,  morning  and  evening  peak  directions  are  the  inverse  of  the 
more  westerly  intersections  of  Highland  Avenue  at  First  Avenue 
and  Second  Avenue  and  of  the  Oak  Street /Chr i st i na  Street  inter- 
section.    AM  traffic  immediately  west  of  Winchester  Street  is  57- 
percent  westbound.     PM  traffic  reverts  to  an  eastbound  direction, 
with  61  percent  in  that  direction  during  the  peak. 

Winchester  Street 

South  of  Dedham  Street,  Winchester  Street  exhibits  the  most 
minor  of  directional  tendencies  throughout  the  day.  Traffic 
flows  are  51-percent  northbound  in  the  AM  and  53-percent  north- 
bound in  the  PM.     Midday  flows  are  a  marginal  51-percent  south- 
bound . 

Immediately  north  of  Dedham  Street,   51  percent  of  the 
morning  traffic  is  oriented  to  the  south.     PM  flows  are  reversed 
and  more  pronounced,   with  58  percent  directed  northbound. 

South  of  Route  9,  AM-peak  traffic  is  evenly  split.  PM-peak 
flows,  however,   continue  to  be  distinctly  northbound,  with  58 
percent  headed  in  the  direction  of  Route  9  and  Newton  Centre. 

Eastbound  Route  9  On/Off  Ramp   (at  Winchester  Street) 

Ramp  traffic  is  oriented  toward  Winchester  Street   (62  per- 
cent westbound)    during  the  AM  and  toward  Route  9   (67  percent 
eastbound)    during  the  PM  period.      Midday  flows  have  an  eastbound, 
Route  9  orientation,   with  62  percent  headed  in  that  direction. 

Westbound  Route  9  On/Off  Ramp   (at  Centre  Street) 

Traffic  on  the  ramp  heavily  favors  the  westbound/Route  9 
direction  throughout  the  day   (81%  AM;   85%  midday;   and  78%  PM) . 
The  consistency  of  these  flows   is   indicative  of  the  primary  func- 
tion of  the  segment  as  a  Route  9  on-ramp. 

Dedham  Street   (at  Winchester  Street) 

At  Dedham  Street  the  majority  of  traffic  (71  percent)  flows 
into  the  Winchester  St r eet /Needham  Street  intersection  during  the 
morning  and  away  from  the  intersection  (57  percent  eastbound) 
during  the  evening. 

Tower  Road 

Tower  Road  is  typical  of  the  one-block,  dead-ended  local 
streets  intersecting  Needham  Street  which  provide  direct  access 
to  buildings  and  property  set  back  from  the  major  street. 
Carrying  low  volumes  of  traffic,   Tower  Road's  AM-peak  direction 
is  predominantly  (66-percent)   nor thbound--away  from  Needham 
Street.     PM  traffic  must  access  Needham  Street  to  exit  the  area 
and  is  55-percent  southbound. 
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Christina  Street 

Christina  Street  does  not  exhibit  the  typical  morning-to- 
evening  reversal  found  on  most  other  study-area  facilities. 
Instead,   morning  and  evening  flows  are  predominantly  oriented  in 
the  direction  of  Needham  Street.     During  the  morning  this  amounts 
to  60  percent  of  the  flow  and  in  the  evening  65  percent. 

Oak  Street 

Oak  Street  traffic  flows  are  consistent  with  Christina 
Street  movements  by  time  of  day.     As  Christina  Street  functions 
as  an  importer  of  trips  to  the  intersection  during  peak  hours. 
Oak  Street  serves  as  an  exporter  of  trips.     The  degrees  of  direc- 
tionality of  the  two  facilities,  however,  do  not  match:     Oak  is 
66-percent  northbound  in  the  morning  and  57-percent  northbound  in 
the  evening.     This  difference  is  due  in  part  to  a  relatively  low 
volume  of  trip  exchange  between  Oak  Street  and  Christina  Street. 

5 . 5      TIME-OF-DAY  CHARACTERISTICS 

The  distribution  of  traffic  volume  over  a  24-hour  period 
provides  further  indications  of  the  relationship  between  peak  and 
off-peak  conditions.      In  Figures  5-5  and  5-6  the  1983  MDPW 
24-hour  ADT  volumes  are  plotted  for  selected  locations.  In 
general,   the  traffic  distributions  shown  in  Figure  5-5  for 
Highland  Avenue  and  Needham  Street   indicate  a  high-level  demand 
that   is  continuous  through  midday/off-peak  periods.     On  the 
other  hand,   the  Figure  5-6  distributions  for  Kendrick  Street  and 
Hunting  Road  reflect  relatively  low  midday  travel  demand  with 
high  morning  and  evening  demand,   to  form  a  bi-modal  distribution 
over  24  hours . 

Specifically,   on  Highland  Avenue  and  Needham  Street,  traffic 
volumes  tend  to  rise  sharply  by  6  AM,   moderate  slightly  before 
reaching  a  midday  peak,  and  moderate  again  before  reaching  an 
evening  peak.     Morning,   midday,   and  evening  peaks  are  present  in 
these  patterns;  however,   the  distribution  is  relatively  flat, 
with  only  slight  variation  between  peak  and  off-peak  times.  This 
relatively  level  demand  is  indicative  of  a  large  volume  of 
shopping  and  lunch  trips  destined  for  the  area's  retail  estab- 
lishments and  restaurants.     Underlying  these  demands   is  the  con- 
tinuous use  of  the  road  as  a  connector  for  through  trips  between 
Route  128/1-95,   Route  9,  and  1-90. 

Traffic  in  most  other  sectors  of  the  study  area  display 
time-of-day  distributions  such  as  those  shown  in  Figure  5-6. 
Following  a  similar  pattern  in  the  morning,   travel  increases 
rapidly  beginning  at  approximately  6  AM,  due  primarily  to  work- 
trip  demands.     Midday  travel  is,  however,   significantly  more 
shallow,  and  travel  begins  to  increase  again  only  as  employees 
begin  lunchtime  activities.      In  the  Webster  Street  example,  work- 
trip  travel   is  present,  but  to  a  lesser  extent  than  on  the  other 
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facilities;  also,  during  the  afternoon  period  a  more  general- 
purpose  use  of  the  road  is  apparent  in  the  flattened  curve  which 
develops . 

Clearly,   the  persistently  high  traffic  flows  on  Highland 
Avenue  and  Needham  Street  cause  traffic  to  operate  at  peak-period 
levels  of  service  through  most  of  the  day.     This  lack  of  off-peak 
relief  creates  a  travel  environment  that  may  cause  excessive 
vehicle  delay  at  any  time.     In  areas  away  from  Highland  Avenue 
and  Needham  Street,   low  levels  of  service  may  temporarily  occur 
during  morning  and  evening  peak  periods;  however,   these  con- 
ditions are  generally  brief  in  duration  and  not  present  at  other 
times  of  the  day. 

5.6     VEHICLE-MILES  OF  TRAVEL 

The  concept  of  vehicle-miles  of  travel   (VMT)    is  used  exten- 
sively in  traffic  analysis  as  a  measure  of  utility  and  exposure. 
Simply  defined,   VMT  =  traffic  volume  x  length.     VMT  is  therefore 
the  number  of  miles  vehicles  are  driven  over  a  specified  road 
segment . 

The  1983  VMT  estimates  for  Needham  Street  and  Highland 
Avenue  within  the  study  area  are  derived  in  Table  5-6.  In 
Needham,   Highland  Avenue  extends  approximately  1.01   miles,  from 
Webster  Street  to  the  Newton  City  Line.     Average  daily  traffic 
(ADT)    volumes  sampled  at  sites  along  this  portion  of  Highland 
Avenue  range  between  24,700  and  46,100  vehicles.     A  weighted 
average  of  these  totals  provides  an  estimate  of  daily  VMT  of 
36,175  on  Highland  Avenue.     Similarly  weighting  volume  totals  by 
segment   length  on  Needham  Street   in  Newton  gives  an  approximate 
dai ly  VMT  of   21  ,  727  . 

Using  this  concept  in  reverse   (dividing  VMT  by  distance),  it 
is  possible  to  derive  ADT  volumes  for  selected  road  segments. 
Estimates  of  ADT  for  selected  portions  of  Highland  Avenue  and 
Needham  Street  are  given  at  the  end  of  Table  5-6.     On  average, 
Needham  Street  and  Highland  Avenue  between  Second  Avenue  and 
Winchester  Street  carried  an  average  of  26,600  vehicles  per  day 
in  1983. 

The  measures  of  VMT  developed  in  Table  5-6  will  be  used  in 
the  following  chapter  to  derive  location-specific  accident-rate 
statistics.     But  the  estimates  of  ADT  by  segment  presented  at  the 
bottom  of  the  table  have  a  more  immediate  importance.     In  his 
discussion  of  the  applicability/utility  of  "continuous  two-way 
left-turn  median  lanes"    (CTWLTML) ,   Nemeth  notes  that  CTWLTML 
installations  have  been  successfully  built  on  arterials  under 
traffic  volumes  ranging  from  8,000  to  31,000  ADT.1     The  upper 


^Nemeth,   Zoltan  A.,    "Development  of  Guidelines  for  the 
Application  of  Continuous  Two-Way  Left-Turn  Median  Lanes" 
(Ohio  State  University,   Report  No.   Ohio-DOT-09-76 ,   July  1976). 
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Needham 


Average  APT  Estimates 
for  Selected  Sections 


Highland  Avenue: 

Length 
(mi les ) 

ADT 

Daily 
VMT 

Newton  City  Line  to  Second  Ave. 

.17 

27,100 

4,607 

Second  Ave.   to  First  Ave. 

.14 

33 ,000 

4,620 

First  Ave.   to  Route  128 

.22 

46,100 

10,142 

Rte  128  to  SB.   Ramp  (westside) 

.19 

39, 700 

7,543 

SB  Ramp  (westside)   to  Mills  St. 

.14 

39,700 

5,558 

Mills  St.   to  Webster  St. 

.15 

24,700 

3,705 

Total 

1  .01 

36,175 

Newton 

Needham  Street: 

Winchester  St.   to  Columbia  Ave. 

.23 

22 ,800 

5  ,244 

Columbia  St.   to  Christina  St. 
@  Oak  St. 

.52 

28  ,050 

14,586 

Christina  St.    @  Oak   St.  to 
Needham  Town  Line 

.07 

27 , 100 

1  ,897 

Total 

.82 

21 ,717 

Locat  ion 

Length 

Dai  ly 
VMT 

ADT 
1983 
Average 

Second  Ave 

.  to 

Winchester  St. 

.99 

16  ,334 

26,600 

Wi  nches  t er 

St  . 

to  First  Ave. 

1 .13 

30  ,054 

27,393 

Wi nches  t  er 

St . 

to  Webster  St. 

1  .83 

57  ,902 

31 ,640 

Highland  Avenue/ 

Needham  Street 
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HIGHLAND  AVENUE  AND  NEEDHAM  STREET 
1983  VMT  ESTIMATION 

CTPS 

TABLE 
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limit  of  ADT  is  important  in  the  case  of  Highland  Avenue  and 
Needham  Street  since,  as  traffic  volumes  approach  capacity,  the 
availability  of  acceptable  gaps  in  oncoming  traffic  becomes  so 
low  that  the  practicality  of  a  CTWLTML  is  questionable.  On 
Needham  Street  and  Highland  Avenue  between  Winchester  Street  and 
Second  Avenue,  ADT  is  within  the  prescribed  8,000-31,000  range 
for  CTWLTML  installation.     West  of  Second  Avenue  the  ADT  volumes 
derived  from  MDPW  traffic  counts   (shown  at  the  top  of  Table  5-6) 
exceed  the  31,000  ADT  cited  in  the  literature  as  the  upper  end  of 
the  useful  range.     It  should  be  noted  that  the  cited  range  is  not 
intended  to  be  either  a  warrant  or  a  limitation,  but  is  rather  a 
representation  of  the  conditions  under  which  central  turn  lanes 
have  been  installed. 


6     ACCIDENT  CHARACTERISTICS 


6 . 1     ACCIDENT-STATISTIC  RESOURCES 

Accident  statistics  for  the  study  area  were  acquired  from 
police  files  in  Needham  and  Newton  and  from  the  Massachusetts 
Department  of  Public  Works   ( MDPW) .     The  most  current  data  are 
found  in  police  records,  which  are  complete  through  1983. 
Summaries  supplied  by  the  Massachusetts  Registry  of  Motor  . 
Vehicles  to  the  MDPW  are  available  only  through  1981. 

More  importantly,   internal  constraints  experienced  by  the 
MDPW  in  1981   led  to  a  reduction  in  the  data-compilation  effort. 
A  sample  comparison  of  data  from  each  of  the  two  sources  for  1981 
is  shown  in  Table  6-1  below: 

TABLE  6-1 

Traffic-Accident-Data  Source  Comparison  (1981) 


Street  Name  MDPW  Records  Community  Records 

Highland  Avenue  62  135 

Needham  Street  24  151 

This  comparison  clearly  shows  that  the  1981  MDPW  reports  are  far 
less  comprehensive  than  the  local  police  files.      In  addition, 
investigation  of  the  police  files  indicated  that  the  accident- 
reporting  practices  of  Needham  and  Newton  are  substantially  con- 
sistent.    Therefore,   local  police  accident  reports  for  the 
three-year  period  ending  in  1983  are  used  here  for  analysis  pur- 
poses.    The  annual  accident  totals  and  average  per  year  for  the 
three-year  period  are  listed  by  location  in  Tables  6-2  and  6-3. 

6 . 2     ACCIDENT  ANALYSIS 

To  identify  where  accident  problems  exist  within  the  study 
area,   the  three-year  mean  number  of  accidents  serves  as  a  basis. 
Tne  measure  used  for  preliminary  evaluation  of  safety  conditions 
is  the  ratio  of  accidents  to  one  million  vehicle  miles  of  travel 
( acc ident s/MVM) ,   commonly  referred  to  as  the  accident  rate.l 


iThe  formula  to  derive  accidents/MVM  is   (accidents  x  1,000,000)/ 
(VMT  x   365)  . 
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Intersection 

1981 

1982 

1983 

3  Year 
Averaqe 

Needham  Street  at: 

Winchester  Street 

23 

15 

15 

17.7 

Columbia  Avenue 

3 

5 

4 

4.0 

Jaconnet  Street 

1 

3 

1 

1.7 

Tower  Road 

7 

2 

2 

3.7 

Industrial  Place 

0 

0 

0 

0.0 

Charlemont  Street 

3 

4 

3 

^3.3 

Marshall's  Plaza 

0* 

14* 

12* 

15.3 

Oak  Street  &  Christina  Street 

28 

20 

15 

21.0 

Intersection  Total 

85 

63 

52 

66.7 

Mid-block 

66 

88 

97 

83.7 

Total 

151 

151 

149 

150.0 

Centre  Street  at  Boylston  Street 
(Route  9) 

19 

13 

6 

12.7 

Winchester  Street  at  Boylston  Street 
(Route  9) 

11 

5 

6 

7.3 

*At  either  275  Needham  or  Marshall's  Mall. 
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I nter sect  ion 

1981 

1982 

1983 

3-Year 
Average 

Highland  Avenue  at: 

Webster  Street 

16 

16 

10 

14.0 

Cross  Street 

2 

2 

1 

1.7 

Mills  Road 

0 

0 

1 

0.3 

Utica  Road 

0 

1 

1 

0.7 

Gould  Street  &  Hunting  Road 

18 

15 

24 

17.7 

Route  128 

14 

11 

9 

11.3 

First  Avenue 

11 

6 

6 

7.7 

Wexford  Street 

22 

29 

24 

25  .0 

Charles  Street 

5 

2 

4 

3.7 

Second  Avenue 

20 

18 

15 

17.7 

Highland  Circle 

2 

3 

1 

2.0 

Highland  Terrace 

1 

2 

1 

1.3 

Riverside  Avenue 

2 

2 

1 

1.7 

Intersection  Total 

113 

107 

98 

106.0 

Mid-block 

22 

19 

21 

20.7 

Kendrick  Street  at: 

Hunting  Road  &/or  Greendale  Avenue 

3 

8 

12 

7.7 

Third  Avenue 

3 

6 

3 

4.0 

Fourth  Avenue 

2 

5 

9 

5.3 

Unident  i  f  ied 

7 

1 

4 

4.0 

Totals : 

Highland  Avenue 

135 

126 

115 

125.3 

Kendrick  Street 

20 

28 

21  .0 

Highland  Avenue/ 

Neeaham  Street 
Tr^f^i  r.    Ana  1  y«?i  q 

1981-1983 
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CTPS 
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For  the  three  highest-volume  thoroughfares  in  the  study 
area,   Needham  Street,   Highland  Avenue,  and  Kendrick  Street,  the 
average  accident  rate  for  the  three-year  period  ending  in  1983 
was  : 


TABLE  6-4 


Estimate  of  Average  Annual  Accident s/MVM 

Locat  ion  VMT  Accidents  Accidents/MVM 

Needham  Street  21,717  150.0  18.9 

Highland  Avenue  36,175  125.3  9.5 

Kendrick  Street  16,281  21.0  3.5- 

Compr ehens i ve  records  kept  by  the  MDPW  for  the  10  years  through 
1980  indicate  that  highways  with  similar  functions  average 
approximately  5.0  accidents/MVM.     Furthermore,   statewide  accident 
rates   for  these  highway  types  generally  are  not   found  to  exceed 
8.0/MVM  in  a  single  year.      In  comparison,   the  excessive  rates  on 
Needham  Street   (18.9)    and  Highland  Avenue   (9.5)    indicate  an 
apparent  safety  problem.     On  the  other  hand,   travel  conditions  on 
Kendrick  Street  are  relatively  safe  by  these  measures. 


6.3      INTERSECTION-SAFETY  ANALYSIS 


To  further  specify  the  kinds  of  safety  problems  which  may 
exist,    intersection  accident  characteristics  are  examined.  The 
number  of  accidents  per  one  million  approach  vehicles  (accidents/ 
MAV)    is  used  to  gauge  performance. ^     Intersection  safety  is 
generally  considered  to  be  poor   if  the  rate  exceeds  1.0. 

In  Table  6-5  a  summary  of  accidents/MAV  is  presented  for 
each  of  the  major   intersections  on  Needham  Street,  Highland 
Avenue,   and  Kendrick  Street.     The  results  provide  further  expla- 
nation of   the  accident  problems  which  are  indicated  on  Needham 
Street  and  Highland  Avenue. 

First,   as  pointed  out  earlier,   Highland  Avenue  has  a  high 
density  of  intersections  per  mile.     The  implication  of  this  con- 
dition and  the  high  intersection  accident  rate  at  several  loca- 
tions is  that  intersection  safety  problems  contribute  heavily  to 
the  high  accident  rate  experienced  overall. 

Needham  Street  on  the  other  hand  has  fewer   intersections  per 
mile  and  fewer  intersections  with  poor  safety  performance. 


iThe  formula  to  derive  accidents/MAV  is   (accidents  x  1,000,000)/ 
(intersection  approach  volume  x  365) 
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Highland  Avenue  at: 

Wexford  Street 

1.93 

Webster  Street 

1.43 

Second  Avenue 

1.30 

Gould  Street  &  Hunting  Road 

1.30 

First  Avenue 

.80 

Charles  Street 

.30 

Highland  Circle 

.20 

Riverside  Street 

.17 

Highland  Terrace 

.13 

Needham  Street  at: 

Christina  Street  &  Oak  Street 

1.80 

Winchester  Street  &  Dedham  Street 

1.63 

Columbia  Raod  &  McDonald's 

.95 

Tower  Road 

.36 

Charlemont  Street 

.32 

Jaconnet  Street 

.18 

Kendrick  Street  at: 

Hunting  Road 

.69 

Third  Avenue 

.68 

Fourth  Avenue 

.68 
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SUMMARY  OF  ACCIDENTS 
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CTPS 

TABLE 
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Consequent ly ,   intersection  safety  can  not  be  considered  the 
leading  factor  in  the  excessively  high  overall  accident  rate 
found.     Rather,   these  results  support  the  argument  that  mid-block 
conditions  are  primarily  responsible  for  the  severe  safety 
problems  on  Needham  Street. 

This  conclusion  is  consistent  with  the  accident  statistics 
reported  in  Table  6-2.     Inspection  of  the  number  of  mid-block 
accidents  shows  that  on  Highland  Avenue  mid-block  accidents 
account  for  only  16.5  percent  of  the  annual  total,  on  average, 
whereas  on  Needham  Street  mid-block  accidents  typically  account 
for  55.8  percent.     This  finding  suggests  that  treatments  other 
than  intersection  upgrading  may  be  required  to  properly  correct 
the  problems. 

6.4     PEDESTRIAN  TRAFFIC 

The  issue  of  pedestrian  safety  is  one  that  has  been  raised 
by  residents  of  study-area  neighborhoods   in  conjunction  with 
discussions  held  to  find  solutions  to  area  traffic  problems. 
Concerns  center  on  the  need  for  pedestrian-crossing  facilities, 
particularly  on  Needham  Street  between  Christina  Street  and 
Winchester  Street.     Residents  cite  a  lack  of  crosswalks  and 
signals  along  Needham  Street  which  makes  street  crossings  ex- 
tremely difficult  and  unsafe. 

The  perception  of  a  need  to  install  pedestrian  facilities  is 
not,  however,   well  supported  by  the  pedestrian-crossing  volumes 
recorded  as  part  of  the  turning-movement  counts  completed  in 
September  of  1984.     Pedestrian  traffic  is  highest  midday  between 
12:00  ana  1:00  PM  and  is  most  concentrated  at: 

Winchester  St.   and  Dedham  St. 

at  Needham  St.  17  pedestrians  per  hour 

Tower  Rd .   at  Needham  St.  107  pedestrians  per  hour 

Oak  St.   and  Christina  St.  at 

Needham  St.  54  pedestrians  per  hour 

Warrants  for  traffic-signal  installation  and  other  vehicle- 
control  measures  are  contained  in  the  Manual  on  Uniform  Traffic 
Control  Devices    (MUTCD) .  1     The  MUTCD  warrants  specify  minimum 
traffic  volumes   (vehicular  and  pedestrian)    required  to  install 
new  or  maintain  existing  traffic  signals.     The  warrant  for 
pedestrian  volume  is  satisfied  when: 


^Federal  Highway  Administration,    Manual  on  Uniform  Traffic 
Control  Devi  ces ,   U.S.   Department  of  Transportation,  1978. 
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o  600  or  more  vehicles  per  hour  pass  on  the  main  street 
during  any  eight  hours  of  an  average  day;  and 

o  150  or  more  pedestrians  per  hour  cross  on  the  highest 

volume  crosswalk  of  the  main  street  during  the  same  eight 
hours . 

Conditions  at  the  three  Needham  Street  intersections  do  not 
presently  satisfy  minimum  pedestrian  warrant  requirements. 
However,   it  is  unclear  whether  existing  pedestrian  volumes  are 
artificially  low  due  to  the  extremely  high  traffic  volumes  with 
which  pedestrians  must  contend.     While  it  is  difficult  to  assess 
the  extent  to  which  pedestrian  trips  are  not  made  to  and  from 
destinations  on  Needham  Street,   it  is  reasonable  to  expect  that 
since  peak  pedestrian  volumes  are  insufficient  to  meet  even  one 
hour  of  the  eight-hour  requirement,   it  is  unreasonable  to  expect 
sufficient  response  to  the  installation  of  crossing  facilities  to 
satisfy  the  eight-hour  warrant. 


7     LEVEL  OF  SERVICE 


7.1  INTRODUCTION 

The  phrase  "level  of  service"   is  used  in  this  chapter  as  a 
qualitative  measure  of  the  travel  characteristics  associated  with 
a  specific  intersection  or  road  segment.     The  practice  of 
describing  functional  characteristics  according  to  a  level  of 
service  is  an  attempt  to  account  for  the  speed,   travel  time, 
traffic  interruptions,   maneuverability,   safety,  driving  comfort 
and  convenience,  and  operating  costs  associated  with  the  facil- 
ity.    The  maximum  volume  of  vehicles  which  can  be  accommodated  by 
a  facility  at  a  particular  level  of  service  is  termed  service 
volume . 

Levels  of  service  are  ranked  A  through  F.     Level  of  service 
A  is  the  highest  quality  of  service  a  highway  element  can  pro- 
vide.    It  is  a  condition  of  free  flow  in  which  the  presence  of 
other  vehicles  does  not  restrict  speed  or  maneuverability.  Level 
of  service  B  describes  a  stable-flow  condition  in  which  operating 
speed  is  sometimes  influenced  by  the  presence  of  other  vehicles. 
Level  of  service  C  is  also  a  condition  of  stable  flow;  however, 
individual  drivers'    freedom  to  select  speeds  and  maneuver  into 
different  lanes  becomes  restricted.     At  level  of  service  D, 
vehicle-operating  conditions  begin  to  become  unstable.  Operating 
speed  is  generally  tolerable,  but  considerable  and  sudden 
variations  occur.     At  intersections,   long  delays  are  common. 
Level  of  service  E  describes  the  upper  limit  of  operating  capac- 
ity.    Operations  at  this  level  of  service  are  unstable,  and 
speeds  between  two  points  will  fluctuate  widely.     Traffic  den- 
sities are  high,   maneuverability  is  greatly  limited,   and  the 
potential  for  accidents  is  relatively  high.     Level  of  service  F 
describes  a  condition  where  speed  and  rate  of  flow  drop  below 
level  of  service  E  when  peak  demands  are  present.     Density  of 
vehicles  is  higher  than  that  associated  with  level  of  service  E 
and  traffic  movements  fall  into  a  stop-and-go  pattern.  Inter- 
section delays  are  excessive  and  the  potential  for  vehicle 
conflicts  is  highest. 

The  use  of  level-of -ser vi ce  labels  A  through  F  is  intended 
to  permit  the  discussion  of  the  operating  characteristics  of  spe- 
cific facilities  to  take  place  on  common  ground.     The  current 
state  of  the  art  does  not  provide  precise  definitions  of  the 
boundaries  between  service  levels,  but  rather  provides  an  indica- 
tion of  how  well  facilities  can  be  expected  to  perform  under 
various  volumes  of  traffic.     The  levels  of  service  assigned  below 
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should  be  considered  in  this  light,  and  it  should  be  kept  in  mind 
that  the  analysis  is  limited  by  the  current  state  of  the  under- 
standing of  traffic-flow  phenomena. 

7 . 2      PRESENT  OPERATION  -  CORRIDOR  SEGMENTS 

Major  thoroughfares  in  the  study  area,  such  as  Highland 
Avenue,   Needham  Street,  Kendrick  Street  and  Winchester  Street, 
all  fall  under  the  general  descriptive  heading  of  urban  arterial. 
Traffic  flows  on  urban  arterials  are  often  interrupted  by  the 
presence  of  frequent  intersections,   commercial  driveways, 
pedestrians,  curbside  parking  and  the  like.     The  friction  caused 
by  these  activities  combines  with  dense  roadside  development  to 
characteristically  hold  speed  limits — and  actual  operat i ng . speeds 
--to  less  than  35  mph . 

Closely  spaced  intersections   (greater  than  one  intersection 
per  mile)   are  a  common  feature  of  arterial  roadways  in  an  urban 
setting  that  is  particularly  important  in  determining  level  of 
service,   since  intersection  capacity  is  usually  the  practical 
determinant  of  arterial  capacity.     This  condition  exists  since 
the  crossing  of  traffic  streams  at  an  intersection  is  often  the 
most  significant  impediment  to  the  free  flow  of  traffic  on  the 
arterial.     Where  signalized  intersections  are  present,  the 
interrelationship  between  adjacent  intersections  will  set  the 
maximum  possible  flow  rate  when  traffic  volume  is  less  than 
available  intersection  capacity.     Therefore,  unless  intersection 
capacity  and  signal-coordination  schemes  provide   for  higher  ser- 
vice volumes  than  the  arterial,   little  or  no  improvement  in  traf- 
fic flow  can  be  expected  from  capacity  improvements  to  an 
arterial. 

Arterials   in  the  study  area  are  subject   to  significant 
secondary  factors,    in  addition  to  frequent   intersections,  which 
can  affect  capacity.     For   instance,   Highland  Avenue  east  of  Route 
128  and  Needham  Street   in  Newton  both  have  numerous  commercial 
driveways  and  minor  intersections  on  either  side.     Fully  40  per- 
cent of  the  roadside  is  curb-cut.     Right  and  left  turns   into  and 
from  the  driveways  reduce  the  practical  capacity  of  the  road  by 
introducing  conflict  into  major-street  flows. 

To  first  determine  whether  corridor  capacity  is  controlled 
by  the  roadway  lane  configuration  or  by  intersection  capacity, 
arterial  service  volumes  were  developed  for  selected  locations, 
as  shown  in  Table  7-1.     The  adjusted  service  volumes  at  level  of 
service  E   (SVe)   represent  the  number  of  vehicles  which  can  be 
serviced  by  the  facility  per  hour.     At  each  location,   the  effects 
of  any  nearby  commercial  driveways  and/or  minor  intersections  on 
capacity  have  been  excluded.     The  comparison  of  actual  peak 
directional  volume  to  capacity  indicates  the  existence  of  suf- 
ficient capacity  on  each  facility  to  service  existing  traffic 
demands  throughout  the  day. 
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Level  of  Service  E 

(sve) 

2000 

2000 

2000 

2000 

Number  of  Lanes 

1 

1 

1 

1 

Width  Adjustment* 

1  .00 

.93 

1  .00 

1 .00 

Truck  Adjustment  AM 

.95 

.97 

.97 

1  .00 

PM 

.97 

.97 

.97 

1 .00 

Adjusted  SVe  AM 

1900 

1804 

1984 

2000 

PM 

1940 

1804 

1940 

2000 

Actual  Volume  AM 

966 

1193 

1247 

1701 

PM 

1108 

1083 

1071 

1399 

Surface  Width 

36  ' 

29  1 

42  ' 

40  ' 

Total  Number  of  Lanes 

2 

2 

2 

2 

Width  per  Lane 

18  ' 

14.5  ' 

21  ' 

20  ' 

Lane  Width  for  Reduc- 

tion Adjustment 

12  1 

12  ' 

12  ' 

12  ' 

Distance  from  Traffic- 

Lane  Edge  to  Obstruc- 

tion 

6  1 

2.5  ' 

9  1 

8  ' 

Adjustment   Factor    ( TTE 

Table  16-14) 

1  .00 

.93 

1  .00 

1  .00 

*  * 

Truck  %    (Peak  AM 

EB  5.59 

EB  3.94 

EB  3.11 

EB  0.82 

Direction)  PM 

EB  1.07 

WB  2.52 

WB  1.59 

WB  0.00 

Adjustment  Factor 

for  Trucks    (ITE  AM 

.95 

.97 

.97 

1 .00 

Table  16-15)  PM 

.97 

.97 

.97 

1  .00 

Highland  Avenue/ 

Needham  Street 
Traffic  Analysis 

UNINTERRUPTED- FLOW  CAPACITY 

OF  SELECTED 
STUDY-AREA  ROADWAY  SEGMENTS 

CTPS 

TABLE 

7-1 
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Study-area  intersection  performance  is  evaluated  in  section 
7.4  of  this  report  and  summarized  in  Table  7-2.     Review  of  the 
analytic  results  contained  in  Table  7-2  indicate  the  presence  of 
poorly  functioning  intersections  on: 

I 

o  Kendrick  Street:       Third  Avenue  and  Fourth  Avenue 

o  Highland  Avenue:       Second  Avenue  and  Webster  Street 

o  Needham  Street:         Oak  Street  and  Christina  Street, 

Winchester  Street  % 

o  Winchester  Street:  Route  9  ramps 

Clearly,   the  conflicts  created  in  the  major  traffic  flows  by 
these  intersections  cause  more  frequent  interruption  of  flow  than 
does  the  lane-configuration  of  the  connecting  segments,  since  all  • 
segments  function  at  better  than  level  of  service  E,  as  shown  in 
Table  7-1. 

Service  volume  on  certain  of  these  arterials  is,  however, 
affected  by  a  significant  number  of  minor  intersections  and  com- 
mercial driveways,  which  affect  capacity  as  would  an  unsignalized  4 
intersection.     To  estimate  and  compare  the  effect  of  commercial 
driveways  and  intersecting  streets  on  traffic  flow,   the  Needham 
Street/Tower  Road  intersection  was  selected,  as  representative  of 
typical  conditions.     To  compare  performance,  reference  is  again 
made  to  Table  7-2.     Under  peak-load  conditions,   Tower  Road  traf- 
fic conflicts  with  heavy  flows  of  traffic  on  Needham  Street  and  4 
encounters  delays  typical  of  level  of  service  E  operating  con- 
ditions.    In  comparison  with  the  major  intersections  on  Needham 
Street  and  Highland  Avenue,   minor   locations  such  as  Tower  Road 
tend  to  perform  better  and  have  slightly  less   impact  on  major 
street  traffic. 

4 

On  the  basis  of  these  findings,  arterial  performance  within 
the  study  area  appears  to  be  adversely  affected  to  the  greatest 
extent  by  major  signalized  and  high-volume  unsignalized  intersec- 
tions.    Traffic  flows  are  also  interrupted  by  operations  at  minor 
intersections  and  commercial  drives  which  are  forced  to  compete 
for  space  in  major  street  flows  or  be  delayed  for  long  periods.  * 

In  summary,   the  simple  comparison  made  here  between  analyses 
indicates  that  present  lane  configurations  are  sufficient  to 
serve  peak-demand  traffic  volumes  occurring  in  the  study  area. 
Delays  which  occur  on  certain  road  segments  result  from 

downstream  factors  such  as  major  intersections  which  cannot  ser-  4 
vice  the  same  level  of  throughput  as  the  feeder  arterial. 

7  .  3      HIGHLAND  AVENUE  BRIDGE 

Highland  Avenue  Bridge  spans  the  Charles  River  and  the 
Newton-Needham  line  where  Highland  Avenue  meets  Needham  Street.  4 
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Nahanton  St  @  Wells  Ave: 

Left  Turns  from  Nahanton  St  to  Wells  Ave 

Left  Turns  from  Nahanton  St  to  Jewish  Comm  Campus 

Left  Turns  from  Wells  Ave  to  Nahanton  Street 

Left  Turns  from  Jewish  Comm  Campus  to  Nahanton  St 

Kendrick  St  @  Fourth  Ave: 
Left  Turns  from  Kendrick  St  to  Fourth  Ave 
Left  Turns  from  Fourth  Ave  to  Kendrick  St 

Kendrick  St  @  Third  Ave: 
Left  Turns  from  Kendrick  St  to  Third  Ave 
Left  Turns  from  Third  Ave  to  Kendrick  St 

Kendrick  St  @  Hunting  Road: 
Left  turn  check  failure:     Hunting  Rd  SB  to 

Kendrick  Street  EB 
Signalized  Intersection — Overall  Summary 

Kendrick  St  @  Greendale  Ave: 
Left  Turns   from  Greendale  Ave  to  Kendrick  St  EB 
Left  Turns  from  Kendrick  St  to  Greendale  Ave  SB 

Webster  St  @  Greendale  Ave: 
Left  Turns   from  Webster  St  SB  to  Greendale  Ave  SB 
Left  Turns   from  Greendale  Ave  NB  to  Webster  St  SB 

Webster  St  @  Highland  Ave: 
Left-turn  check   failure:     Highland  Ave  WB  to 
Webster  St 

Signalized  I nt er sect ion--Overal 1  Summary 

Highland  Ave  @  Gould  St  &  Hunting  Road: 
Left-turn  check   failure:     Gould  St  to  Highland 
Ave  EB 

Signalized  I ntersection — Overal 1  Summary 

Highland  Ave  @  Wexford  St: 
Left  Turns  from  Highland  Ave  to  Wexford  St 
Left  Turns  from  Wexford  St  to  Highland  Ave 

Highland  Ave  @  First  Ave: 
(NO  LEFT-TURN  CONFLICT) 

Highland  Ave  @  Second  Ave: 
Left-turn  check  failure:     Second  Ave  to  Highland  i 
Signalized  Intersection — Overall  Summary 
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Needham  St  @  Oak  St  &  Christina  St: 

Left  Turns  from  Needham  St  to  Oak  St 

B 

B 

A 

T  ,o  •f  t-    Turrm    f  rnm    NI  o  e>    Vi  a  m    Cf    4- r\   /■•>,  ri  ef  i  na  Cf 

A 

B 

B 

Left  Turns   from  Oak   St    to  Npo^Via m  Qt- 

r 

F 

F 

Left  Turns  from  Christina  St  to  Needham  St 

F 

F 

F 

fJopHVi ?\  m    fit"    (3    Tnwpr    DnaH  • 

Left   Turns    ■from  WooHha  m   Q  t-    ¥  r\  Tauiq  y    D/-i  =  <^ 

A 

B 

A 

Left  Turns  from  Tower  Rd  to  Needham  St 

E 

E 

E 
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Centre  St  @  Route  9  Ramps  &  Winchester  St: 

iiciL    1  ui  iib    11  om  wincncStei    o  t   to  Kt6  y  Wo 
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F 

E 

E 

Needham  St  @  Winchester  St  &  Dedham  St: 

Left  Turns  from  Needham  St 

D 

C 

E 

Left  Turns  from  Dedham  St 

A 

A 

A 

Left  Turns  from  Winchester  St  NB 

F 

F 

F 

Left  Turns  from  Winchester  St  SB 

F 

F 

F 

*Unopposed  movement  -  theoretical  result 


Highland  Avenue/ 

Needham  Street 
Traffic  Analysis 

EXISTING  CONDITIONS 
INTERSECTION  PERFORMANCE 
SUMMARY 

CTPS 

TABLE 

7-2b 

Technical  Report  56a 
August  1986 

-63- 


Under  its  present  configuration  the  bridge  is  the  narrowest  point 
of  the  corridor.     Bordered  by  curbed,   five-foot  sidewalks  on 
either  side,   the  surface  of  the  the  bridge  is  split  equally  into 
two  14.5-foot  lanes. 

The  bridge  is  perceived  as  a  constraint  to  smooth  traffic 
flow  along  this  segment  of  the  corridor  due  to  the  narrowed 
approaches  arid  the  presence  of  vehicles  queued  across  its  length 
during  peak  periods.     To  the  west,  on  the  Needham  side  of  the 
bridge,   the  road  surface  narrows  from  42  feet  at  Second  Avenue 
to  29  feet  at  the  bridge  approach.     Eastbound  traffic  enters  this 
road  segment  as  two  lanes  of  traffic.     The  distance  available  for 
merging  into  a  single  lane  is  approximately  750  feet. 

Approaching  the  bridge  on  the  Newton  side,   traffic  exper- 
iences a  smaller  change  in  road-surface  width.     The  surface  is 
30-feet  wide  at  the  Needham  Street/Oak  Street  intersection 
approximately  290  feet  to  the  east  of  the  bridge.  Westbound 
vehicles   from  the  Oak  Street   intersection  enter  the  bridge 
approach  in  a  single  lane  of  traffic  into  which  no  merging  will 
occur  prior  to  crossing  the  river. 

The  potential  for  congestion  and  delay  on  approaching  the 
bridge  consequently  exists  only  on  the  westerly  merge  in  the 
eastbound  traffic  stream.     To  evaluate  the  potential  for  delay, 
determination  of  practical  service  volume   ( SVe--maxi mum  capacity, 
or  the  volume  that  can  be  serviced  by  a  roadway  segment  at  level 
of  service  E)    is  necessary.     The  determinants  of  service  volume 
most  pertinent  to  merge  sections   include  sight  distance,  speed, 
angle  of  convergence,   and  grade.     Under   ideal  conditions,  the 
merge  volumes  can  often  approach  the  SVe  of  adjacent  arterial 
sections . 

The  two  lanes  of  eastbound  traffic  on  Highland  Avenue  exit 
the  Second  Avenue  intersection  at  nearly  equal  speed  on  a  nearly 
level  surface.     Sight  distance  is  ample  and  the  amount  of 
maneuvering  required  to  merge  is  minimal.     Under  these  con- 
ditions,  the  merge  SVe  should  approach  the  free-flow  rate  of  2000 
vehicles  per  hour   (VPH)   at  level  of  service  E.     Adjusting  the 
free-flow  rate  according  to  the  traffic-mix  percentages  and 
width-reduction  factors  used  in  the  bridge  evaluation  in  Table 
7-1  gives  the  SVe  of  1800  VPH. 

Eastbound  traffic  flows  peak  during  the  morning  period,  when 
volumes  reach  approximately  1,250  VPH.     Following  the  same  proce- 
dure of  comparing  demand   (1,250)   to  capacity  (1,800)   as  done  pre- 
viously in  Table  7-1,   sufficient  capacity  clearly  exists  on  the 
merge  section  to  accommodate  current  demand.     The  merge  segment 
is,  therefore,   not  the  cause  of  traffic  delay  or  congestion 
problems  west  of  the  bridge.     Furthermore,   the  data  contained  in 
Table  7-1  with  respect  to  the  bridge  itself  indicate  sufficient 
capacity  (1804)   on  the  bridge  surface  to  service  peak  traffic 
demands   (1250).     Therefore,   neither  the  narrowness  of  the  bridge 
nor  the  merging  on  the  approach  legs  can  be  considered  a  cause  of 
the  queuing  problems  periodically  apparent. 
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Th  e  extensive  vehicle  queuing  which  is  present  on  both 
approaches  to  the  bridge  and  on  either  side  of  the  bridge  deck 
during  peak  hours  occurs  in  response  to  capacity  limitations  at 
the  intersections  on  either  end.     Westbound  traffic  queues  are 
most  extensive  when  operations  at  the  Highland  Avenue/Second 
Avenue  intersection  are  most  severely  strained,  typically  during 
the  PM  peak.     During  the  morning  and  midday  periods,  westbound 
movements  through  the  intersection  are  more  stable,  and  queuing 
does  not  extend  to  the  bridge  nor  is  westbound  movement  across 
the  bridge  impeded. 

Eastbound  volume  across  the  bridge  is  higher  in  the  morning 
than  in  the  evening.     Traffic  queues  forming  at  the  Needham 
Street/Oak  Street  intersection  are,  however,   more  extensive 
during  the  evening,  when  intersection  operations  are  under  stress. 
Eastbound  movements  across  the  bridge  are  subject  to  delays  which 
are  dependent  on  the  operating  condition  of  this  intersection. 

There  is,   therefore,   no  purpose  at  present   in  providing  more 
capacity  on  the  bridge  than  currently  exists.  Intersection 
capacity  must  first  be  brought  to  parity  with  the  bridge  section. 
To  provide  equal  amounts  of  capacity  at  intersections  and  road 
segments,   the  number  of  through  intersection-approach  lanes 
should  be  at  least  double  the  number  of  segment  lanes.     The  east- 
bound  configuration  of  Highland  Avenue  at  Second  Avenue  certifies 
this  operating  criterion.     The  Highland  Avenue  approach  to  the 
Second  Avenue  intersection  is  two  standard-width   ( 1 2-f oot-plus) 
lanes.     Turning  movements  at  the  intersection  are  a  mix  of  a  con- 
sistent but  small  amount  of  left-turning  traffic  and  an  approxi- 
mately 12-percent  demand  for  right  turns  onto  Second  Avenue. 
Through-moving  traffic  exits  the   intersection  into  two  lanes 
prior  to  merging  into  a  single  lane.     The  single-lane  capacity  is 
sufficient  to  carry  this  volume  of  traffic  until  impeded  by  the 
subsequent  Needham  Street/Oak  Street  intersection. 

Traffic  conflicts  at  unsignalized  intersections  and  the 
splitting  of  green  time  between  phases  at  signalized  intersec- 
tions significantly  reduces  the  vehi cle-per-hour  service  volume 
of   intersection  approach  lanes.     Assuming  a  signalized  intersec- 
tion which  splits  green  time  evenly  (50:50)   between  crossed 
streets,   lane  capacity  per  hour  will  be  a  maximum  of  50  percent 
of  its  unrestricted  hourly  service  volume.     At  unsignalized 
intersections,   conflicting  cross  flows  can  introduce  the  same  or 
more  substantial  reductions  in  hourly  volumes,  depending  on  the 
volume  of  traffic  and  the  operating  environment.  Consequently, 
the  number  of  intersection  approach  lanes  should  be  a  multiple  of 
corridor  through  lanes  by  a  factor  of  two  or  more  to  achieve 
similar  levels  of  capacity. 

7 . 4      PRESENT  OPERATION  -  INTERSECTIONS 

Peak  operational  performance  was  evaluated  for  each  of  the 
major  study-area  intersections.     To  assess  operations,   use  was 
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made  of  the  Critical  Movement  Analysis   (CMA)   techniques  published 
in  TRB  Circular  212.     At  each  location,  morning,   midday  and 
evening  peak-hour  traffic  operations  were  examined.  Analysis 
procedures,  assumptions,  and  findings  are  presented  in  detail  in 
Appendix  D. 

Roadway  and  traffic  data  used  in  the  analysis  were  gathered 
by  site  inspection  and  turning-movement  counts  conducted  in  the 
summer  and  fall  of  1983.     On  the  basis  of  this  information,  peak- 
hour  traffic  characteristics  were  determined  for  each  location. 

For  analysis  of  signalized  intersections,   the  CMA  Operations 
and  Design  technique  was  employed.     The  base  assumption  of  this 
approach  is  that  there  is  a  combination  of  lane  volumes  which 
must  be  accommodated  through  the  middle  of  a  signalized  intersec- 
tion within  one  hour.     The  sum  of  these  volumes  cannot  exceed  a 
predetermined  saturation  flow  level  characteristic  of  the  inter- 
section . 

The  Operations  and  Design  approach  involves  the  specifica- 
tion of  detailed  information  as  to  roadway  geometries  and  traffic 
characteristics.     Specifically,  data  describing  vehicle  mix, 
traffic-peaking  characteristics,   turning  movements,   lane  use,  and 
lane  width  are  required  to  adjust  actual  hourly  volume  totals. 
This  adjustment  of  vehicles  per  hour  into  passenger-car  equiva- 
lents per  hour  permits  the  most  accurate  possible  depiction  of 
intersection  operations. 

For  analysis  of  unsignalized  intersections,   the  CMA 
Unsignalized  Intersection  method  was  applied.     The  key  assumption 
of  this  procedure  is  that  major-street  traffic  is  not  affected  by 
minor-street  movements.     Vehicle  flows  are  converted  into 
passenger-car  equivalents  per  hour  on  the  basis  of  approach  grade 
and  vehicle  mix,   and  the  maximum  flow  of  vehicles  is  calculated 
for  each  minor-approach  movement.     Demand  is  then  compared  to 
capacity  for  each  movement  and  the  probable  delay  and  level  of 
service  are  estimated.     A  level  of  service  which  reflects  delay 
is  derived  for: 

1.  right  turns  onto  the  major  road; 

2.  left  turns  from  the  major  road; 

3.  through  traffic  crossing  the  major  road;  and 

4.  left  turns  onto  the  major  road. 

The  findings  of  the  intersection-performance  evaluation  are 
summarized  in  Table  7-2.     Turning-movement-count  sheets  and 
level-of -ser vi ce  worksheets  are  in  Appendix  D.     Overall,   12  of 
the  16  intersections  examined  experience  excessive  delay  on  one 
or   more  approaches.     An  explanation  of  the  findings  and  of  the 
factors  causing  poor  performance  are  outlined  below. 
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Nahanton  Street  at  Wells  Avenue  (unsignalized) 

Nahanton  Street  traffic  flows  are  heaviest  during  the 
morning  period.     This  heavy  volume  of  through  and  turning  traffic 
blocks  the  relatively  minor  volumes  of  side-street  traffic 
exiting  Wells  Avenue  and  the  Jewish  Community  Campus.     During  the 
midday  and  evening  periods,   traffic  flows  from  Wells  Avenue  and 
the  Jewish  Community  Campus  increase.     At  the  same  time,  Nahanton 
Street  traffic  is  lower,  creating  greater  capacity  for  left  turns 
from  each  of  the  minor-street  approaches.     However,  increased 
levels  of  left-turn  demand  from  Wells  Avenue  during  both  the  mid- 
day and  the  evening  periods  and  from  the  Jewish  Community  Campus 
approach  during  the  evening  peak  exceed  the  Nahanton  Street 
capacity.     Left  turns  from  the  minor  streets,  therefore, 
experience  excessive  delays  during  those  periods  of  the  day. 

Kendrick  Street  at  Fourth  Avenue  (unsignalized) 

Third  Avenue  and  Fourth  Avenue  together  function  as  the 
southern  entrance/exit  to  the  New  England  Industrial  Center 
(NEIC),  with  Fourth  Avenue  generally  carrying  more  traffic  in  the 
northerly,   inbound  direction.     Analysis  of  Fourth  Avenue  demand 
indicates  that  left-turning  traffic  from  this  approach  suffers 
excessive  delay  during  the  morning  and  evening  peak  periods  due 
to  high  volumes  of  Kendrick  Street  traffic.     However,  on-site 
observation  of  traffic  operations  indicates  better  performance 
than  anticipated  from  analysis.     Ample  sight  distance  and  lane 
widths  on  Kendrick  Street  allow  traffic  entering  from  Fourth 
Avenue  to  minimize  acceptable  gap  times  between  vehicles  on 
Kendrick  Street  and  enter  the  flow  without  disruption  to  through 
traffic  flows. 

Kendrick  Street  at  Third  Avenue  (unsignalized) 

The  morning  peak  demand  of  traffic  exiting  the  NEIC  at  Third 
Avenue  is  similar   in  magnitude  to  that  of  Fourth  Avenue.  Total 
traffic  on  Kendrick  Street   is  also  almost   identical  to  the  AM 
volume  at  Fourth  Avenue  (approximately  2100  VPH) .  Consequently, 
the  analysis  indicates  excessive  delay  for  left-turn  traffic  ema- 
nating from  Third  Avenue  during  the  morning. 

The  physical  layout  and  environment  of  the  intersection  is 
also  very  similar  to  the  adjacent  Fourth  Avenue  intersection,  in 
that  it  provides  ample  sight  distance  and  sufficient  lane  widths 
to  permit  traffic  entering  the  Kendrick  Street  traffic  stream  to 
minimize  acceptable  gap  time  and  merge  onto  Kendrick  Street 
without  excessive  delay.     The  delays  which  do  affect  traffic 
exiting  the  NEIC  at  Third  and  Fourth  are  caused  primarily  by 
traffic  on  the  near-side  westbound  lane.     Once  acceptable  gaps 
are  found  in  these  flows,   most  left-turning  vehicles  are  able  to 
cross  into  the  eastbound  lane  since  continuous  eastbound  traffic 
has  sufficient  space  to  manuever  around  the  slower  merging  traf- 
fic.    Consequently,  average  delay  is  less  than  would  be  expected 
under   more  typical  operating  conditions. 
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Kendrick  Street  at  Hunting  Road  (signalized) 

High  volumes  of  southbound  Hunting  Road  traffic  turning  left 
onto  Kendrick  Street  cause  low  levels  of  service  and  long  delays 
to  occur  periodically  within  the  morning  peak  hours.  Observation 
of  peak-hour  operations  indicates  the  presence  of  a  few  isolated 
instances  of  cycle  failure  which  are  absent  at  other  times  of  the 
day  (cycle  failure  occurs  when  sufficient  green-phase  time  is  not 
available  to  clear  the  standing  queue  of  vehicles). 

Highland  Avenue  at  Webster  Street  (signalized) 

Left  turns  from  Highland  Avenue  westbound  to  Webster  Street 
peak  during  the  evening.     This  high  volume  of  left  turns 
conflicts  with  peak-hour  eastbound  through  and  right-turn  move- 
ments on  Highland  Avenue,  causing  excessive  delay.     Cycle  failure 
occurs  only  sporadically  during  the  evening  peak  hour  and  is  not 
a  problem  during  morning  or  midday  times. 

Highland  Avenue  at  First  Avenue  (unsignalized) 

The  north  side  of  the  NEIC  is  served  by  two  entrance/exit 
facilities;  First  Avenue  services  primarily  entering  traffic  and 
Second  Avenue  serves  as  the  principal  exit.     This  is  due  to  the 
closer  proximity  of  First  Avenue  to  Route  128   (a  significant 
generator  of  trips   to  the  NEIC)   and  to  the  left-turn  prohibition 
at  the  Highland  Avenue/First  Avenue  intersection.     As  a  con- 
sequence,  traffic  demands  appear  as  high  inbound/southbound  traf- 
fic volumes  on  First  Avenue  and  high  outbound/northbound  volumes 
on  Second  Avenue.     The  fact  that  all   left   turns  to-and-from  First 
Avenue  at  Highland  Avenue  are  prohibited  eliminates  the  major 
traffic  conflicts  which  could  occur  here.     As  a  result,  right- 
turn  traffic  presents  the  only  possible  conflict,  and  the  analy- 
sis showed  that  this  movement  operates  without  excessive  delay 
throughout  the  day. 

Highland  Avenue  at  Wexford  Street  (unsignalized) 

Consistently  high  volumes  of  through  traffic  across  four 
lanes  cause  significant  blockage  of  left  turns  from  Wexford 
Street  throughout  the  day.     Conditions  are  most  severe  during  the 
evening  peak  hour,  when  total  intersection  traffic  is  highest. 

Highland  Avenue  at  Second  Avenue  (signalized) 

As  mentioned  above,   Second  Avenue  functions   in  conjunction 
with  First  Avenue  as  a  north-side  entrance/exit  pair  of  the  NEIC. 
Due  to  left-turn  restrictions  on  traffic  exiting  First  Avenue, 
Second  Avenue  serves  as  the  primary  north-side  exit.  Traffic 
leaving  the  NEIC  on  Second  Avenue  and  traffic  headed  in  the 
direction  of  Route  128  on  Highland  Avenue  combine  to  create  an 
extremely  high  westbound  demand  at  this  intersection  during  the 
PM  peak.     Cycle  failure  occurs  as  westbound  traffic  is  inter- 
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rupted  by  left  turns  being  made  into  and  out  of  both  Charles 
Street  and  Wexford  Street.     When  interrupted,   the  dense  traffic 
flows  quickly  form  queues  which  often  extend  to  the  east  beyond 
the  Highland  Avenue  Bridge.     The  potential  for  prolonged  periods 
of  congestion  is  present  since  the  peak  demand  levels  exceed  the 
available  capacity  and  these  operating  problems  are  compounded  by 
the  downstream  (Charles  Street  and  Wexford  Street)  disruptions. 

Needham  Street  at  Oak  Street  and  Christina  Street   ( unsignalized) 

Left  turns  from  Oak  Street  and  Christina  Street  experience 
excessive  delay  throughout  the  day.     While  left-turn  volume  from 
each  minor  street  is  relatively  low,  Needham  Street  flows  are 
consistently  high  enough  during  each  peak  to  restrict  minor- 
street  movements.     The  situation  is  often  worsened  during  the 
evening  when  traffic  queues  from  the  Second  Avenue/Highland 
Avenue  intersection  become  extensive  enough  to  interfere  with  the 
westbound  flow  of  vehicles  on  Needham  Street  and  further  reduce 
the  flow  out  of  Oak  Street  and  Christina  Street. 

Needham  Street  at  Tower  Road  (unsignalized) 

The  Needham  Street/Tower  Road  intersection  was  selected  as 
being  representative  of  the  minor  three-legged  intersections 
found  throughout  the  Highland  Avenue/Needham  Street  corridor. 
Peak-hour  traffic  volumes  are  low,   less  than  150  VPH;  nonethe- 
less,  continuously  high  volumes  of  traffic  on  Highland  Avenue  and 
Needham  Street  during  peak  periods  and  throughout  the  day  cause 
minor-street  left  turns  to  be  subject  to  very  long  delays. 

This  condition  is  typical  of  many  intersections  and  drive- 
ways along  Needham  Street.     Vehicle  queues  do  not  tend  to  be 
extensive   (2  or   3  vehicles  during  peak  periods) ,   since  most 
approach  widths  are  sufficient  to  accommodate  separate  left-  and 
right-turn  queues  and  thus  permit  right-turn  movements  to  exit 
unimpeded  by  delayed  lefts. 

Needham  Street  at  Winchester  Street  and  Dedham  Street 
(unsignalized) 

Traffic  patterns  at  this  location  are  complicated  by  the 
movement  of  the  majority  of  traffic  across  an  oblique  angle 
formed  by  the  Needham  Street  and  Winchester  Street  (north) 
approach  legs.     Specifically,  between  80  and  85  percent  of  the 
Needham  Street  traffic  moves  through  the  intersection  as  a  left 
turn  onto  Winchester  Street  northbound.     On  Winchester  Street,  a 
right  turn  onto  Needham  Street  is  made  by  between  68  and  75  per- 
cent of  the  Winchester  Street  southbound  traffic.     To  evaluate 
the  intersection,  the  assumption  was  made  that  Needham  Street  and 
Dedham  Street  function  together  as  the  major  street  pair.  On 
this  basis,   the  analysis  indicates  extreme  congestion  experienced 
by : 
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o  all  movement  on  Winchester  Street  NB,  and 

o  lefts  and  through  movements  on  Winchester  Street  SB. 

The  Needham  Street  left-turn  movements  onto  Winchester  Street 
northbound  experience  long  delays  in  the  morning  period,  moderate 
delays  midday,  and  very  long  delays  during  the  evening. 

In  this  unusual  application  of  the  analytical  method,  it 
gives  priority  to  the  eastbound  movements  originating  on  the 
Dedham  Street  approach.     In  fact,  operational  priority  resides 
with  the  Needham  Street  approach,  which  is  under  yield  control 
while  the  Dedham  Street  approach  is  on  stop  control.  Therefore, 
the  delay  and  level-of -service  findings  for  the  Needham  Street 
left  turn  and  the  Dedham  Street  approach  should  be  reversed. 
Under  this  assumption,  Dedham  Street  traffic  operates  at  level  of 
service  E  during  the  PM. 

Winchester  Street  at  Route  9  Eastbound  On/Off  Ramp  (unsignalized) 

Turning  movements  from  the  Route  9  on/off  ramp  fail  at  peak 
periods  throughout  the  day.     The  analysis  indicates  that  the 
problem  is  related  to  traffic  volumes  on  Winchester  Street  and 
the  shared  use  of  a  single  off  lane  on  the  ramp  by  left-  and 
right-turning  traffic. 

The  problem  is  compounded  by  the  geometric  configuration  of 
the  ramp  approach  to  the  intersection,    including  the  stop-line 
placement,  and  the  alignment  of  the  Winchester  Street  approach 
south  of  the  intersection,  which  places  severe  limitations  on 
sight  distances   from  the  the  ramp. 

In  addition,   during  evening  peak  hours   left  turns  from 
Winchester  Street  onto  the  ramp  experience  very  long  delays  and 
queue  in  the  path  of  vehicles  preparing  to  turn  left  onto 
Winchester  Street   from  the  ramp.     This  often  results   in  hazardous 
attempts  by  motorists  to  circumvent  the  congestion  by  traveling 
off  assigned  paths. 

Centre  Street/Winchester  Street  at  Route  9  Westbound  On/Off  Ramps 
(unsignalized) 

Traffic  volumes  exiting  the  westbound  on-off  ramp  are  low 
throughout  the  day.     During  the  morning  peak  period  the  analysis 
indicates  failure  for  left  turns  from  this  direction.  This 
problem  arises  from  the  high  volume  of  traffic  on  Centre  Street 
and  the  queuing  of  Winchester  Street  vehicles  waiting  to  turn 
left  onto  the  ramp. 

Confusion  exists  among  motorists  exiting  the  ramp  who  must 
contend  with  the  large  raised  island  positioned  at  the  foot  of 
the  ramp.     The  island  is  placed  to  separate  traffic  moving  on 
from  traffic  moving  off  the  ramp.     However,   no  provision  is  made 
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in  the  present  configuration  for  left  turns  from  the  ramp  onto 
Centre  Street  eastbound.     Consequently,   motorists  who  wish  to 
make  this  turn  can  find  it  difficult  to  decide  which  side  of  the 
island  to  position  themselves  on  prior  to  moving  into  the  inter- 
section.    Although  the  peak-hour  demand  for  this  movement  is 
nominal,   these  vehicles  have  a  presence  in  the  intersection  which 
significantly  complicates  the  operating  environment. 

Traffic  from  Winchester  Street  wishing  to  turn  left  onto  the 
ramp  is  subject  to  long  delays  in  the  morning  and  moderate  delays 
in  the  evening.     It  often  conflicts  with  the  heavy  volume  of 
westbound  traffic  on  Centre  Street  and  at  times  with  left  turns 
from  the  ramp. 


8     ALTERNATIVE  CONFIGURATIONS 


8.1     HIGHLAND  AVENUE/ NEEDHAM  STREET 

The  preceding  analysis  clearly  indicates  that  most  trips  on 
Highland  Avenue  and  Needham  Street  between  Route  128  and  Route  9 
are  likely  to  encounter  substantial  delays  and  hazardous  con- 
ditions.    The  accident  rate  is  considerably  higher  than  on  other 
road  segments  within  the  study  area  and  is  also  high  in  com- 
parison to  statewide  rates  for  similar  facilities.  Several 
problem  sources  have  been  identified: 

o  several  major  high-volume  intersections; 

o  numerous  curb  cuts;  and 

o  roadside  developments  which  attract  traffic  from  all 
di  rect  ions . 

To  address  the  problems  along  Highland  Avenue  and  Needham 
Street,   the  "Highland  Avenue/Needham  Street  Corridor  Consensus 
Plan"  recommends  reconfiguration  of  the  corridor   into  a  five-lane 
cross- sect  ion  between  approximately  First  Avenue  in  Needham  and 
the  Winchester  S tr eet /Dedham  Street  intersection  in  Newton.  The 
middle  or  fifth  lane  would  be  a  continuous  two-way  left-turn 
median  lane   (CTWLTML) ,   which  vehicles  would  enter  immediately 
prior  to  where  the  intended   left  turn  would  be  made  and  wait  for 
an  appropriate  gap  in  the  opposing  traffic  stream.     The  four 
remaining  lanes  would  be  used  to  carry  through  traffic,  which 
would  benefit  by  the  elimination  of   left-turn  queues   from  the 
through  lanes . 

To  assess  the  effectiveness  of  the  five-lane  alternative,  an 
extensive  review  of  the  current  literature  was  conducted.  The 
findings  of  this  research  are  summarized  in  an  internal  CTPS 
memorandum  dated  August  10,   1984  and  contained  in  Appendix  E. 
The  primary  concern  in  the  consideration  of  a  CTWLTML  is  the 
nature  of  existing  traffic  demands.     Areas  which  appear  to  bene- 
fit most  are,   typically,  either  dense  residential  areas  or  com- 
mercial strip  developments.     An  extensive  number  of  curb  cuts  is 
a  common  trait.     Traffic  volumes  are  usually  moderate  (between 
8,000  and  30,000  ADT) ,  and  a  continuous  demand  for  left  turns  is 
present  throughout.     Within  this  environment,   the  CTWLTML  can 
ef  f ect : 
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o  a  decline  in  total  accidents; 
o  improved  traffic  flow;  and 

o  improved  access  to  local  abutting  properties. 

The  application  of  a  CTWLTML  is  most  appropriate  in  areas 
where  access  to  adjacent  land  use  is  unrestricted  and  where 
future  land-use  activities  will  continue  to  require  unlimited 
mid-block  accessibility.     Depending  upon  an  area's  accident 
history  and  whether  curb-cut  consolidation  is  possible  and 
desirable,  other  lane  treatments  may  offer  greater  utility  and 
practicality.     On  sections  where  conflicts  arise  primarily  from 
driveway  operations,   several  design  improvements  can  be  imple- 
mented to  minimize  the  occurrence  of  conflicts: 

o  consolidate  driveway  openings; 

o  control  spacing  between  adjacent  driveways; 

o  provide  one-way  operation  where  inner  circulation  is 
a vai lable ; 

o  provide  acceleration  and  deceleration  lanes; 

o  install  left-turn  bays  on  the  arterial  roadway  at  high- 
volume  driveways. 

In  especially  dense  commercial  areas   such  as  the  Highland 
Avenue/Needham  Street  corridor,   driveway-spacing  requirements  and 
acceleration-deceleration  lanes  are  largely  inappropriate  due  to 
the  constraints   imposed  by  the  proximity  of   individual  land-use 
activities  requiring  direct  access.     The  installation  of  mid- 
block   left-turn  bays  would  be  similarly  insufficient  to  accom- 
modate the  consistent   level  of   left-turn  demands  along  corridor 
segments.     Driveway  consolidation  and  internal  one-way  cir- 
culation would,  however,   offer  some  operational   improvement  by 
minimizing  the   frequency  of  conflict  along  the  corridor. 

8.1.1     Needham  Street 

In  recommending  a  five-lane  configuration,   the  Consensus 
Plan  recognizes  the  value  of  encouraging  actions  such  as  curb-cut 
consolidation,  while  emphasizing  the  area-wide  need  for  immediate 
access  to  local  properties  and  for  additional  through  traffic 
capacity.     On  the  Needham  Street  portion  of  the  corridor/  the 
land-use  diversity,  extensive  curb  cuts,  and  high  traffic  volumes 
are  characteristic  of  the  type  of  commercial  strip  which  is 
suitable  for  CTWLTML  treatments.     Observation  of  traffic  activity 
indicates  a  continuous  pattern  of  left-turn  movements  occurring 
throughout  Needham  Street.     Vehicles  queue  for   left  turns  on  the 
far   left  side  of  the  lane,   allowing  through  traffic  to  maneuver 
past.      In  certain  locations,   road  width  and  vehicle  positioning 
do  not  permit  through  traffic  enough  maneuvering  space,  and 
blockages  occur.      Installation  of  a  CTWLTML  would  introduce 
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greater  control  over  vehicle-queuing  procedures  and  permit  fewer 
interruptions  of  through  traffic. 

The  analysis  of  corridor  capacity  discussed  in  the  preceding 
section  does  not,  however,   support  the  need  for  the  addition  of 
two  through  lanes  on  Needham  Street.     Vehicle  flow  on  Needham 
Street  is  presently  constrained  to  the  greatest  extent  by  capac- 
ity limitations  at  intersections  and  driveways.     As  a  general, 
principle,   the  number  of  approach  lanes  provided  for  through 
movements  at  major  intersections  should  number  at  least  twice 
that  of  the  feeding  arterial.     However,  a  three-lane  treatment 
comprising  two  through  lanes  and  a  CTWLTML  is  sufficient  to 
satisfy  existing  demand. 

8.1.2     Highland  Avenue 

To  the  west  of  Highland  Avenue  Bridge,    land-use  diversity 
and  extensive  curb  cuts  exist  on  both  sides  of  Highland  Avenue  as 
far  west  as  Second  Avenue.     Travel  demands  on  this  segment, 
however,   differ  markedly  from  those  found  on  Needham  Street. 
Total   left  turns  between  Highland  Terrace  and  the  bridge  were 
surveyed  as  part  of  the  CTPS  turning-movement  counts  taken  in 
September  1984.     Only  one  to  three  percent  of  all  traffic  (east- 
bound  and  westbound)   turns  left.     During  the  same  time  period 
(2:15  PM-3:15  PM)   on  the  same  day,   left  turns  at  the  Marshall's 
Plaza  entrances  on  Needham  Street  were  also  surveyed,  and  it  was 
found  that  between  six  and  eight  percent  of  the  eastbound  traffic 
alone  passing  each  entrance  turned   left   into  the  plaza. 
Directional  traffic  volumes  were  of  similar  magnitude  for  the 
Highland  Avenue  and  Marshall's  Plaza  counts:     848  and  992, 
respect  i vely . 

The  different  Highland  Avenue  traffic  patterns  can  be 
explained  in  part  by  the  absence  of  a  major  trip  generator  such 
as  Marshall's  Plaza.      In  fact,   the  parcels  neighboring  Marshall's 
Plaza  on  Needham  Street  contain  several  major  trip  generators/ 
attractors,    including  Baybank  Middlesex,   Federal  Express, 
Dimensions,  and  Papa  Gino's.     Each  of  these  establishments  and 
those  further  east  create  a  continuous  day-long  demand  for  left 
turns  on  the  Newton  side  of  the  corridor.     The  lack  of  similar- 
scale  trip  generators  between  the  bridge  and  Second  Avenue 
greatly  diminish  the  utility  potential  of  a  CTWLTML  treatment  in 
Needham . 

Immediately  west  of  Second  Avenue,   Highland  Avenue  is  a 
four-lane  facility.     Left-turn  demand  on  this  segment  is  predomi- 
nantly focused  at  the  intersections  of  Charles  Street  and  Wexford 
Street.     High  volumes  of  through  traffic  in  all  four  lanes  make 
left-turn  movements  into  and  from  these  intersections  extremely 
difficult  and  unsafe.     Conditions  are  worst  at  the  Wexford  Street 
intersection,  where  between  10  and  15  percent  of  eastbound 
Highland  Avenue  traffic  turns   left,   depending  on  the  time  of  day. 
The  intersection  has  the  worst  accident  history  in  the  study 
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area,  with  a  three-year  annual  average  of  1.92  accidents  per 

million  approach  vehicles  for  the  years  1981  to  1983.     Left  turns 

from  Wexford  Street  encounter  extremely  long  delays  in  attempting 

to  access  Highland  Avenue.     The  delay  is  caused  in  part  by  the  • 

inherent  difficulty  of  crossing  into  four  lanes  of  traffic  and  by 

the  high  volume  of  traffic  passing  Wexford  Street  and  blocking 

movements  onto  Highland  Avenue. 

To  address  problems  on  this  segment  of  the  corridor,  the 
Consensus  Plan  calls  for  opening  the  median  barrier  at  First  • 
Avenue,   installing  a  signal,  and  initiating  a  five-lane  cross- 
section  to  the  east.     The  median  opening  and  signal  are  intended 
to  improve  access  to  Route  128  and  points  west  from  the  NEIC  and 
eliminate  illegitimate  U-turns  and  left  turns  being  made  i-nto 
Wexford  Street   from  First  Avenue. 

t 

Reopening  the  median  barrier  at  First  Avenue  and  signalizing 
the  intersection  would  be  of  particular  benefit  to  traffic  origi- 
nating in  the  NEIC  with  destinations  to  the  west  on  Highland 
Avenue  or  north/south  on  Route  128.      In  addition,    it  would 
improve  westbound  flow  on  Highland  Avenue  between  Second  Avenue 
and  First  Avenue  by:  • 

o  Minimizing  turn  conflicts  at  the  Highland  Avenue/Wexf ord 
Street  intersection.     Opening  the  median  would  eliminate 
the  need  of  First  Avenue  traffic  to  use  Wexford  Street  to 
reverse  direction  on  Highland  Avenue. 

t 

o  Diverting  traffic  exiting  the  NEIC  at  Second  Avenue  to 
First  Avenue,   which  would  reduce  the  volumes  of  westbound 
traffic  on  the  segment. 

Reopening  the  median  under  present  conditions  would  also 
carry  with  it,  however,   unacceptable  adverse  impacts  on  the  * 
safety  of  Route  128  northbound  traffic  exiting  onto  Highland 
Avenue.     Originally  installed  to  prevent  unsafe  vehicle  queues 
from  forming  on  the  exit  ramp  and  extending  onto  Route  128,  the 
median  barrier  was  intended  to  eliminate  the  delays  and  conflicts 
associated  with  the  signal  at  the  First  Avenue/Highland  Avenue 
intersection.     Reopening  the  median  under  present  conditions  • 
would  reintroduce  the  delays  and  unsafe  ramp  queue  which  existed 
prior  to  the  extension  of  the  median  barrier. 

Successful  s i gna 1 i zat ion  and  removal  of  the  median  at  First 
Avenue  requires  additional  action  to  divert  traffic  from  the 
eastbound  approach  to  the  intersection.     Assuming  that  enough  • 
traffic  could  be  diverted  so  that  the  service  volume  of  the 
intersection  equalled  the  approach  volume,   signalization  could 
proceed.     However,   traffic-diversion  tactics  are  generally  expen- 
sive,  build  options  requiring  a  lead  time  which  is  inappropriate 
for  short-range  consideration.     Median  reopening  and  signaliza- 
tion of   the  Highland  Avenue/First  Avenue  intersection  is  con-  • 
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sequently  a  long-term  proposition  to  be  assessed  among  future 
scenar  ios . 

Remaining  in  question  is  the  applicability  of  a  five-lane 
section  on  Highland  Avenue  between  First  Avenue  and  Second 
Avenue.     On  this  segment,  demand  for  immediate  roadside  access  is 
limited,  because  of  the  predominance  of  office  buildings  and  the 
absence  of  retail  establishments.     The  exception  is  at  the 
Wexford  Street  intersection,  where  service  stations  are  located 
on  opposing  corners.     Left-turn  demands  from  Highland  Avenue 
eastbound  flows  are  concentrated  at  the  Wexford  Street  and 
Charles  Street  intersections.     Westbound  left-turn  demand  has  in 
the  past  been  minor,  due  to  the  scale  of  the  land-use  activity 
fronting  on  the  south  side  of  Highland  Avenue.     Present  traffic 
patterns  are  likely  to  change  rapidly  as  construction  of  large- 
scale  developments  is  completed. 

Nevertheless,    in  both  the  short  and  long  term,   CTWLTML  would 
be  used  predominantly  by  eastbound  traffic  turning  left  into 
either  Wexford  Street  or  Charles  Street.     Accommodation  of  these 
turns  could  be  more  easily  accomplished  by  installation  of  exclu- 
sive left-turn  bays  at  each  approach. 

Installation  of  exclusive  turn  bays  does  not,  however, 
address  the  difficulties  encountered  by  First  Avenue  traffic 
seeking  improved  access  to  Route  128  and  points  west  on  Highland 
Avenue.     To  permit  First  Avenue  traffic  to  move  westbound  on 
Highland  Avenue,   a  direct  connection  between  First  Avenue  and 
Second  Avenue  between  Highland  Avenue  and  Cabot  Street  may  be 
required.     First  Avenue  traffic  could  then  merge  with  Second 
Avenue  traffic  and  access  Highland  Avenue  west  without  having  to 
turn  left  or  reverse  direction  on  Highland  Avenue. 

In  addition,   left  turns  into  Wexford  Street  or  Charles 
Street  could  be  eliminated  if  access  to  the  north  side  of 
Highland  Avenue  from  the  eastbound  Highland  Avenue  direction  were 
routed  onto  First  Avenue  and  the  service-road  loop.  Several 
benefits  to  safety  and  traffic  flow  could  be  expected: 

o  Traffic  flow  east  and  west  on  Highland  Avenue  would  bene- 
fit from  a  reduction  in  cross-traffic  conflicts  and  from 
the  elimination  of  left-turn  queues  in  a  travel  lane. 

o  Operating  conditions  would  be  improved  by  elimination  of 
the  chaotic  conditions  which  arise  as  attempts  are  made  by 
First  Avenue  traffic  on  Highland  Avenue  to  U  turn  or 
reverse  direction  by  first  entering  Wexford  Street. 

o  A  reduction  in  rear-end  accidents  could  be  expected  from 
the  elimination  of  queues  on  Highland  Avenue.     A  decline 
in  angle  collisions  would  also  be  expected  as  left-turn 
U-turns  into  Wexford  Street  are  eliminated. 
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o  Left-turning  traffic  from  Wexford  Street  and  Charles 
Street  would  no  longer  conflict  with  left-turn  queues  on 
Highland  Avenue,  and  access  from  Wexford  onto  Highland 
Avenue  eastbound  would  be  improved.  • 

8.1.3     Summary  -  Road-Segment  Alternatives 

On  the  basis  of  the  preceding  discussion,   it  is  clear  that 
installation  of  a  continuous  two-way  left-turn  median  lane 

(CTWLTML)   would  not  significantly  benefit  traffic  between  First  • 
Avenue  and  the  Highland  Avenue  Bridge.     Opening  the  median  at 
First  Avenue  could  improve  traffic  flow  on  Highland  Avenue  while 
providing  more  direct  access  to  Route  128  and  Highland  Avenue 
westbound  from  the  NEIC,  but  it  could  also  result  in  the 
interruption  of  traffic  exiting  the  Route  128  northbound  ramp, 
thus  bringing  about  unsafe  conditions  on  Route  128.     This  alter-  # 
native  should  be  re-evaluated  in  conjunction  with  the  Frontage 
Road  network  alternative  that  will  be  discussed  in  the  future- 
conditions  report  to  be  produced  in  the  next  phase  of  this  study. 

However,   the  establishment  of  a  direct  connection  between 
First  Avenue  and  Second  Avenue  immediately  behind  the  southside  # 
Highland  Avenue  blockface  is  an  alternative  which  would  offer 
similar  levels  of  Route  128  access  to  First  Avenue  traffic 
without   threatening  exit-ramp  safety.      In  addition,  eastbound 
Highland  Avenue  traffic  destined  for  Wexford  or  Charles  Street 
could  be  directed  onto  this  service  loop  via  First  Avenue, 

creating  access  to  Wexf ord/Char les  from  Second  Avenue.     Second  # 
Avenue/Highland  Avenue  intersection  operations  would  benefit  by 
the  conversion  of  difficult  downstream  left  turns   (e.g.,  Highland 
Avenue  EB  to  Wexford  Street)    into  right  turns   (e.g.,  Highland 
Avenue  WB  to  Wexford  Street) . 

On  Highland  Avenue  Bridge,   traffic  queues  form  across  the  # 
bridge  in  response  to  excessive  delays  at  the  intersections  on 
either  end.     Bridge  capacity  is   in  excess  of  current  peak-flow 
volumes;   the  traffic  flows  are  regulated  by  the  adjacent  inter- 
section capacities.     Until  intersection-capacity  improvements 
have  been  completed,   recommendations  for  bridge  improvements  can- 
not be  made.  • 

On  Needham  Street   in  Newton,   the  consistently  high  level  of 
demand  for  left  turns  to  access  either  side  of  the  road  makes  the 
area  a  suitable  zone  for  treatment  with  a  CTWLTML.  Under 
existing  traffic  volumes,  adequate  service  is  possible  with  a 
three-lane  cross-section  of  two  outside  through  lanes  and  a  4 
CTWLTML.     The  three-lane  configuration  would  be  continuous  for 
the  entire  length  of  Needham  Street. 

8 . 2  INTERSECTIONS 

Intersection  problems  have  been  identified  at  seven  locations  4 
on  the  Highland  Avenue/Needham  Street  corridor  between  Route  128 
and  Route  9: 
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o  Highland  Avenue  at  Wexford  Street 
o  Highland  Avenue  at  Second  Avenue 

o  Needham  Street  at  Oak  Street  and  Christina  Street 
o  Needham  Street  at  Tower  Road 

o  Needham  Street  at  Winchester  Street  and  Dedham  Street 
o  Winchester  Street  at  Route  9  eastbound  ramp 
o  Centre  Street  at  Route  9  westbound  ramps 

As  discussed  previously,  under  present  conditions  corridor 
capacity  is  limited  by  the  service  volume  capacity  of  the  inter- 
sections.    Several  also  have  high  accident  rates  which  contribute 
to  hazardous  operating  conditions  throughout  the  corridor.  To 
improve  conditions,  several  alternatives,   including  s ignal ization , 
geometric  alterations,  and  additional  approach  lanes,  have-been 
considered  to  supplement  the  signal-installation  recommendations 
contained   in  the  Consensus  Plan.     Level-of-service  profiles  of 
specified  upgrading  at  each  location  are  summarized  in  Table  8-1. 

8.2.1     Highland  Avenue  at  Wexford  Street 

To  provide  an  acceptable  operating  environment  at  this 
intersection,   traffic  patterns  on  Highland  Avenue  and/or  Wexford 
Street  require  alteration.     At  present,  Highland  Avenue  traffic 
volumes  are  sufficient  to  effectively  use  all  available  intersec- 
tion capacity.     The  relatively  low  level  of  demand  on  the  Wexford 
Street  approach  renders  capacity  improvements  such  as  the  addi- 
tion of  approach  lanes  impractical.     This  low-level  Wexford 
Street  demand  is  also  insufficient  to  warrant  signal  installa- 
tion.     Interruption  of  Highland  Avenue  traffic  flows  to  accommo- 
date the  minor  flows  from  Wexford  Street  would  result  in  an 
overall  deterioration  in  service  level  at  the  site. 

Short  of  rerouting  traffic  or  prohibiting  left  turns  from 
Wexford  Street,   marginal   improvement  in  current  conditions  is 
possible  by  establishing  exclusive  left-  and  right-turn  lanes  on 
Wexford.     This  would  ensure  unrestricted  movement  onto  Highland 
Avenue  by  right-turning  vehicles  and  provide  maximum  intersection 
access  to  left-turning  vehicles.     Minor   land  acquisition  may  be 
required  to  provide  sufficient  width  for  the  additional  lane. 

For  a  more  permanent  resolution  of  the  problems,   it  may  be 
necessary  to  implement  more  drastic  measures,  which  would: 

o  eliminate  all  First  Avenue  traffic  turning  left  into 
Wexford  Street  to  reverse  direction; 

o  eliminate  left  turns  from  Wexford  Street;  and/or 

o  eliminate  left  turns  into  Wexford  Street   (and  Charles 
Street)  . 

With  the  exception  of  a  complete  prohibition  of  all   left  turns  at 
Wexford  Street  and  Charles  Street,   there  is  no  combination  of 
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Highland  Ave  @  Gould  St  &  Hunting  Road: 
O  NO  ACTION  NECESSARY 

Highland  Ave  @  First  Avenue: 
O  NO  ACTION  NECESSARY 

Highland  Ave  @  Wexford  St: 

o  Install  Exclusive  Left/Right  Lanes  on  Wexford  St 
Left  Turn  from  Highland  Ave  to  Wexford  St 
Left  Turn  from  Wexford  St  to  Highland  Ave 

Highland  Ave  @  Second  Avenue: 

o  Add  Exclusive  Left-turn  Lane  to  Highland  Ave  WB 
o  Establish  Two  Exclusive  Left-turn  Lanes  and  One 
Exclusive  Right-turn  Lane  on  Highland  Ave 

Signalized  Intersection — Overall  Summary 


Christina  St: 


Needham  St  @  Oak  St  & 
o  Install  Signals 

o  Install  Exclusive  Left-turn  Lanes  on  Needham  St 
Signalized  Intersect ion--Overall  Summary 

Needham  St  @  Tower  Road: 

o  Install  Exclusive  Left-  &  Right-turn  Lanes  on 
Tower  Road 

Left  Turn  From  Needham  St  to  Tower  Rd 
Left  Turn  From  Tower  Rd  to  Needham  St 

Needham  St  @  Winchester  St  &  Dedham  St: 
o  Install  Signals 

o  Use  TOPICS-Recommended  Lane  Configurations 

Signalized  Intersection— Overall  Summary 

Winchester  St  @  Rte  9  EB  Ramp: 
o  Install  Signals  with  Protected  Left,   Overlap  from 
Winchester  St  to  EB  Ramp 

Signalized   I nter sect ion--Overal 1  Summary 

Centre  St  &  Winchester  St  @  Rte  9  WB  Ramp: 
o  Install  Signals  with  Protected  Left,   Overlap  from 
Winchester  St  to  WB  Ramp 

Signalized  Intersection — Overall  Summary 

Nahanton  St  @  Wells  Ave: 
o  Install  Signals 

o  Install  Exclusive  Left  on  Nahanton  St  WB 
o  Install  Exclusive  Right  on  Nahanton  St  EB 

Signalized  I nter sect ion--Overal 1  Summary 
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Kendrick  St  @  Fourth  Ave: 

o  Install  Signals  w/Exclusive  Left/Right  on  4th 
Signalized  Intersection — Overall  Summary 

Kendrick  St  @  Third  Ave: 

o  Install  Signals  w/Exclusive  Left/Right  on  3rd 
Signalized  Intersection — Overall  Summary 

Nahanton  St  @  Wells  Ave: 
o  Install  Signal 

o  Install  Exclusive  Left  on  Nahanton  St  WB 
o  Install  Exclusive  Right  on  Nahanton  St  EB 

Signalized  Intersection — Overall  Summary 

Kendrick  St  @  Fourth  Ave: 

o  Permit   Inbound  Movement  Only 

(Fourth  Ave  One-way  NB/Third  Ave  One-way  SB 

Left  turns   from  Kendrick  St  to  Fourth  Ave) 

Kendrick  St  @  Third  Ave: 
o  Install  Signal 

o  Permit  outbound  movement  only 

(Third  Ave  One-way  SB/Fourth  Ave  One-way  NB) 
Signalized  Intersection— Overall  Summary 

Kendrick  St  @  Hunting  Road: 

o  Phase  revision  can  be  considered   (no  corrective 
action  considered,   as   left-turn  failure  is 
relatively  insignificant) 

Kendrick  St  @  Greendale  Ave: 
o   NO  ACTION  NECESSARY 

Webster  St  @  Greendale  Ave: 
O  NO  ACTION  NECESSARY 

Webster  St  @  Highland  Ave: 

o  Revise  Phasing  to  Include  Overlapping  (Actuated) 
Left  Lag  from  Highland  Ave  WB  to  Webster  St 
Signalized  Intersection — Overall  Summary 
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turning  restrictions  that  can  be  accomplished  at  the  intersection 
which  would  effectively  resolve  the  existing  capacity  and  safety 
problems . 

8.2.2  Highland  Avenue  at  Second  Avenue 

One  potential  means  of  providing  sufficient  capacity  to  meet 
current  demand  and  introducing  greater  control  over  vehicle 
operations  at  this  intersection  is  the  conversion  of  the  Highland 
Avenue  westbound  approach  to  a  configuration  of  two  through  lanes 
with  one  exclusive  left-turn  bay.     This  would  permit  through 
traffic  approaching  Second  Avenue  from  the  east  to  queue  into  two 
lanes  and  left-turning  traffic  to  queue  in  a  separate  lane.  At 
present,   through  traffic  usually  queues  into  only  the  right-hand 
lane,   in  anticipation  of  left-turn  queues  forming  during  the 
green  phase.     As  right-lane  queues  lengthen  during  the  red  phase, 
through  traffic  begins  to  join  the  left-lane  queue.  When 
blockage  occurs  mid-phase,   left-to-right-lane  maneuvering  occurs 
as  through  traffic  attempts  to  circumvent  the  left-turn  queue. 
Installation  of  an  additional  through  lane  would  minimize  vehicle 
maneuvering  and  would  reduce  queue  lengths  on  Highland  Avenue. 

8.2.3  Needham  Street  at  Oak  Street  and  Christina  Street 

In  consideration  of  the  probability  that  the  Needham  Street 
at  Oak  Street  and  Christina  Street   intersection  would  be  the 
westerly  terminus  of  a  three-lane  Needham  Street,  a  series  of 
actions  were  considered  to  improve  the  operational  capacity  and 
level  of  service  of  the  intersection  under  that  scenario. 

To  permit   improved  access  to  Needham  Street  from  Oak  Street 
and  Christina  Street,   signalizat ion  was  considered.     Under  present 
conditions,    left  turns   from  Oak  Street  and  all  traffic  from 
Christina  Street   is  delayed  for  excessive  periods  throughout  the 
day.     Signalizat ion  would  permit  movement   from  the  minor  streets 
at  regular  intervals. 

Present  geometries  cause  unnecessary  maneuvering  to  occur 
within  the  intersection.     Traffic  moving  between  Oak  and 
Christina  is  required  to  turn  left  and  right  on  Needham  Street  in 
order  to  cross.     Alignment  of  the  two  approaches  would  minimize 
manuevering  and  permit  safer  and  more  efficient  signal  opera- 
tions . 

Additionally,  observation  of  current  traffic  operations  has 
shown  that  left-turn  queues  form  on  the  eastbound  Needham  Street 
approach  which  often  block  through  traffic  and  force  passing 
traffic  off  the  paved  surface.     Installation  of  a  left-turn  bay 
opposite  the  terminus  of  the  CTWLTML  would  permit  safer  opera- 
tions and  minimize  delay  of  through  traffic. 

During  peak  periods,  approximately  50  percent  of  the  Oak 
Street   traffic  proceeds  westbound  on  Highland  Avenue.     To  permit 
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this  traffic  to  take  advantage  of  right-turn-on-red  provisions 
and  limit  interference  with  through  and  left-turn  movements,  an 
exclusive  right-turn  lane  should  be  considered. 

8.2.4  Needham  Street  at  Winchester  Street  and  Dedham  Street 

Recommendations  to  upgrade  this  location  were  initially  pre- 
pared in  1973  as  part  of  the  Newton  TOPICS  plan.     Analysis  of  the 
TOPICS-recommended  geometric  and  signal  improvements  summarized 
in  Table  8-1  indicates  substantially  better  performance  than 
under  present  conditions. 

8.2.5  Winchester  Street  at  Route  9  Eastbound  Ramp 

Under  present  conditions,  eastbound  Route  9  traffic  exiting 
onto  Winchester  Street  encounters  significant  delay  in  attempting 
to  exit  the  ramp.     The  difficulty  is  caused  by  limited  sight 
distances   in  either  direction  along  Winchester  Street  which  pre- 
vent motorists   from  adequately  evaluating  oncoming  streams  of 
traffic . 

The  stop  line  is  presently  set  back  from  the  mouth  of  the 
intersection  to  avoid  conflict  between  left-turning  vehicles 
exiting  and  approaching  the  ramp.     Vehicles  queued  at  the  stop 
sign  are  unable  to  view  traffic  approaching  from  the  south  on 
Winchester  Street  due  to  the  curvature  of  Winchester  Street  and 
the  oblique  angle  of   intersection  with  the  ramp.     To  the  north, 
the  view  is  blocked  by  the  bridge  abutments. 

Geometric  improvements  are  necessary  to  solve  the  sight- 
distance  problems.     The  approach  to  the  intersection  on  the  ramp 
could  be  upgraded  by: 

o  striping  the  ramp  approach  as  exclusive  left  and  right 
lanes ; 

o  placement  of  the  stop  line  at  the  mouth  of  the  intersec- 
tion; and 

o  establishment  of  an  exclusive  left-turn  bay  on  the  south- 
bound Winchester  Street  approach. 

The  Newton  TOPICS  plan  of  1973  recommended  signalization  in 
addition  to  geometric  improvements  for  this  location.  Analysis 
of  these  recommendations  under  existing  levels  of  demand  indi- 
cates overall  improvement  in  operations.     Traffic  operations  at 
both  Route  9  entrance/exit  ramps  are  influenced,  however,  by 
operations  at  the  Walnut  Street/Centre  Street  and  Needham 
Street/Winchester  Street /Dedham  Street  intersections.  Recent 
improvements  at  Walnut  Street  have  alleviated  the  extensive 
queuing  problems  which  previously  had  complicated  operations  at 
the  ramp  intersections,  and  further  improvement  in  ramp  opera- 
tions can  be  expected  from  signalization  and  geometric  upgrading 
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of  the  Needham  Street/Winchester  Street /Dedham  Street  intersec- 
tion.    Under  present  conditions,  geometric  improvements  to  the 
ramp  intersection  made  in  conjunction  with  full-scale  improve- 
ments at  the  Needham  St reet /Wi nches ter  Street  intersection  should 
introduce  sufficient  gaps  in  through  traffic  streams  to  accom- 
modate minor-street  movements. 

8.2.6     Centre  Street  at  Route  9  Westbound  On/Off  Ramps 

The  Newton  TOPICS  report  treated  the  eastbound  and  westbound 
Route  9  on/off  ramp  intersections  as  a  single  entity,  recom- 
mending signals  and  geometric  improvements  at  each.     As  suggested 
for  the  adjacent  eastbound  ramp  intersection  at  Winchester 
Street,  geometric  improvements  may  be  sufficient  to  address 
current  problems  at  this  location  if  implemented  in  conjunction 
with  the  upgrading  of  the  Needham  Street /Wi nchester  Street  inter- 
section;  the  geometric  improvements  would  be  slightly  more  rigor- 
ous in  this  case,  however.     Full-scale  signalization  and 
geometric  upgrading  at  Needham  Street /Wi nchester  Street  would  be 
expected  to  introduce  gaps  in  northbound  traffic  flows  and  permit 
westbound  off-ramp  traffic  to  exit  onto  Centre  Street  more  effi- 
cient ly . 

In  addition  to  the  geometric  improvements  recommended  in  the 
TOPICS  study,  consideration  should  be  given  to  establishing  a 
one-way  (westbound)    zone  on  the  Route  9  ramp  intersecting  with 
Floral  Street.     This  would  eliminate  the  low-level  demand  of 
Floral-Street-generated  traffic  headed  eastbound  toward  the 
Centre  Street  intersection.     Establishment  of  a  one-way  zone 
would  permit  the  segment  to  better  function  as  a  westbound  Route 
9  on-ramp  and  would  eliminate  the  confusion  caused  by  eastbound 
left  turns  at  the  intersection. 

To  maintain  current  levels  of  accessibility,  a  one-way  west- 
bound ramp  would  also  require: 

o  Construction  of  a  separate  driveway  and  barrier  on  the 
northside  of  the  ramp  to  provide  Centre  Street  access  to 
the  apartments  fronting  on  the  ramp.     Telephone  pole  relo- 
cation or  below-sur f ace  wire  conduits  would  also  be 
necessary . 

o  Provisions  for  two-way  traffic  on  Floral  Street  to  permit 
resident  access  to  Walnut  Street. 

o  Creation  of  a  right-turn  prohibition  from  the  ramp  to 
Floral  Street  to  ensure  that  use  of  the  street  is  limited 
to  residen  tial  traffic. 

o  Extension  of  the  residential  driveway  immediately  west  of 
Floral  Street  which  opens  on  the  corner  of  the  ramp  and 
Floral  Street  to  an  opening  which  fronts  on  Floral  Street 
to  permit  the  resident  Floral  Street  access. 
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9  RECOMMENDATIONS 

0 


The  Highland  Avenue/Needham  Street  Corridor  Consensus  Plan 
was  developed  in  order  to  meet  the  perceived  long-term  needs  of 
the  Highland  Avenue/Needham  Street  corridor.     As  such,  the 
individual  elements  of  the  Consensus  Plan  were  designed  to  accom- 
modate both  current  and  future  levels  of  traffic  demand.     To  date, 
these  elements  have  only  been  tested  as  to  their  ability  to  pro- 
vide for  current  levels  of  demand. 

During  the  early  data-collection  phase  of  this  study, 
problems  involving  vehicle  movement  and  safety  were  identified  at 
a  number  of   locations  within  the  Highland  Avenue/Needham  Street 
corridor.     At  each  such  location  a  variety  of  improvement  alter- 
natives,  including  the  one  contained  in  the  Consensus  Plan,  were 
tested  during  the  analysis  phase  in  order  to  identify  a  "best"  or 
"optimal"  mix  of  improvements  which  could  be  made  in  order  to 
correct,  or  at  least  improve  upon,  existing  deficiencies. 

The  recommended  solutions  contained  in  this  report  are 
developed  to  be  short  term  in  nature.     They  require  less  time  and 
are  generally  less  expensive  to  implement  than  are  major  long- 
term  actions.     Many  can  be  implemented  within  existing  layout 
boundaries.     They  will  not  adversely  affect  the  potential  of 
other  actions  now  under  consideration  for  future  implementation. 
Problem  locations  which  can  not  be  fully  corrected  through  imple- 
mentation of  short-term  actions  are  recommended  for  the  greatest 
possible  upgrade.     These  locations  will  then  be  considered  for 
further  improvements  as  part  of  future-year  analysis. 

The  recommended  short-term  improvements   for  the  Highland 
Avenue/Needham  Street  corridor  are  presented  in  Table  9-1  and 
Table  9-2.     Each  recommended  action  is  listed  by  location,  with 
the  corresponding  Consensus  Plan  action,   if  any,  shown  for  corn- 
par  i  son . 

The  recommendations  in  Table  9-1  are  four  in  number.  They 
have  been  separated  out  from  the  other  recommendations  as  they 
are  the  furthest  along  toward  implementation.     They  include  the 
signalization  of  the  intersections  of  Winchester  and  Dedham 
streets  and  Oak  and  Christina  streets  with  Needham  Street,  the 
installation  of  a  continuous  two-way  left-turn  median  lane  on 
Needham  Street  between  these  two  intersections,  and  the  upgrading 
of  the  Second  Avenue  intersection  with  Highland  Avenue. 

The  signal  installations  at  Oak/Chr i s t i na  and  Winchester/ 
Dedham  are  recommended  to  increase  safety  by  separating  in  time 
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Locat ion/Element     Consensus  Plan  Action        Short-Term  Action 


2nd  Avenue 
I nter sect  ion 


Oak/Christina 
I nter sec t  ion 


o 


5-lane  roadway  with 
2  E-bound,   2  W-bound, 
1  Continuous  2-way 
Left-Turn  lane 


Signalize 
West  approach: 
2  through  lanes  (1 
shared  with  right 
turns);   1  exclusive 
left-turn  lane 
(continuation  of 
Continuous  2-way 
Left-Turn  lane) 
East  approach: 
2  through  lanes  (1 
shared  with  right 
turns;   1  exclusive 
left-turn  lane 
(continuation  of 
Continuous  2-way 
Left-Turn  lane) 


o  West  approach: 

2  lanes 

o  East  approach: 

3  lanes  with  2 
through  and  1 
exclusive  left-turn 
lane  to  2nd  Ave  S- 
bound 

o  South  approach: 
3  lanes     with  2 
left-turn  lanes  to 
Highland  Ave  W-bound 
&  1   lane  to  Highland 
Ave  E-bound 

o  Align  Christina  with 
Oak,  maintaining 
existing  Oak  align- 
ment 

o  Signalize 

o  West  approach: 

1   lane  with  shared 
right  turn  & 
through;   1  exclusive 
left-turn  lane 

o  East  approach: 

1   lane  with  shared 
right-turn  &  through 
movements;   1  exclu- 
sive left-turn  lane 
(continuation  of 
Continuous  2-way 
Left-Turn  lane) 

o  North  approach: 
1  exclusive  right- 
turn  lane;   1  lane 
with  shared  left- 
turn  &  through 
movements 

o  South  approach: 

1  lane  shared  by  all 
movements 


Higniana  Avenue/ 

Needham  Street 
Traffic  Analysis 

RECOMMENDED  SHORT-TERM  ACTIONS : 
ACTIONS   CURRENTLY  UNDERWAY 

CTPS 

TABLE 
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Locat  ion/Element     Consensus  Plan  Action 


Needham  Street 
(Oak/Christina 
to  Winchester) 


o  5-lane  roadway  with 
2  E-bound,  2  W-bound, 
1  Continuous  2-way 
Left-Turn  lane 


Short-Term  Action 


o  3-lane  roadway 
using  existing 
paved  surface  with  1 
E-bound,   1  W-bound, 
1  Continuous  2-way 
Left-Turn  lane 


Dedham/Wi  nches- 
ter  Intersection 


Signalize 
geometric 
ment  s 


&  make 
i  mprove- 


Signalize 
geometric 
ments 


&  make 
i  mprove- 


Highland  Avenue/ 

Needham  Street 
Traffic  Analysis 

RECOMMENDED  SHORT-TERM  ACTIONS: 
ACTIONS   CURRENTLY  UNDERWAY 

CTPS 

TABLE 
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Locat ion/Element     Consensus  Plan  Action 


1st  Avenue 


o  Open  median 
o  Install  traffic  signal 
o  Allow  all  movements 
inbound  &  outbound 


Jug-handle/ Serv- 
ice Road  (Jug- 
handle  Effect  at 
2nd  Ave) 


Not  an  element 


Highland  Avenue 
(2nd  Ave  to  Rte 
128) 


5-lane  roadway  with 
2  E-bound,   2  W-bound 
1  Continuous  2-way 
Left-Turn  lane 


Short-Term  Action 

o  Allow  only  inbound 
(EB-to-SB)  right 
turn 

o  Median  remains 

closed 
o  No  traffic  signal 

installed 
o  1-way  SB  traffic 

only  (Highland  Ave 

to  HoJo  driveway) 

o  Construct  1-way  (W 
to  E)   roadway  btwn 
1st  &  2nd  aveS  to 
serve : 

(1)  traffic  both  EB 
&  WB  originating  in 
the  NW  corner  of 
NEIC  &  exiting  Cen- 
ter ;  & 

(2)  left  turns  from 
Highland  EB  to 
Wexford  NB,  Charles 
NB,   &  land  uses  on 
north  side  of 
Highland  btwn  2nd 
Ave  &  Rte  128  inter- 
change area 

o  5-lane  roadway  with 
2  E-bound,   2  W- 
bound,    1  Continuous 
1-way  (W-bound) 
Left-Turn  lane  for 
accessing  land  uses 
on  south  side  of 
Highland  btwn  2nd 
Ave  &  median 

o  Median  remains 

informally  used  as 
"safety  island"  for 
W-bound  south-side 
left-turners 


Highland  Avenue/ 

Needharn  Street 
Traffic  Analysis 

RECOMMENDED  SHORT-TERM  ACTIONS : 
ACTIONS  UNDER  CONSIDERATION 
Package  1  (p.l) 

CTPS 

TABLE 
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Locat ion/Element     Consensus  Plan  Action 


Highland  Avenue 
Bridge 

Charles  Street 
I nter sec t  ion 


o  2  E-bound,   2  W-bound 
lanes 

None 


Wexford  Street 
I nter sect  ion 


Median  U-Turns  @ 
Wexford  to 
travel  W-bound 
toward  Rte  128 


Short-Term  Action 

o  1  E-bound,   1  W-bound 
lane 

o  Split  approach  into 
2  lanes  with  1 
exclusive  right  for 
W-bound  traffic  &  1 
exclusive  left  for 
E-bound  traffic 

o  Operate  under  stop- 
sign  control 

o  Left-turn  prohibi- 
tion from  Highland 
E-bound  to  Charles 

o  No  short-term  solu- 
tion for  left-turns 
leaving  Charles 
(i.e.,  traffic 
moving  E-bound  on 
Highland  toward 
Newton) 

o  Left-turn  prohibi- 
tion from  Highland 
E-bound  to  Wexford 

o  No  short-term  solu- 
tion for  left  turns 
leaving  land  uses  on 
north  side  of 
Highland  served  by 
Wexford  (and 
Charles)   and  travel- 
ing E-bound  on 
Highland  Ave 


o  Median  removed  at  1st     o  Prohibition  of  left 


None 


Ave,   thus  removing  U- 
turn  necessity  but 
springing  loose  left 
turns 


turns  from  Highland 
E-bound,  with 
enforcement 
(Provision  of  facil- 
ity for  W-bound 
movement  via  jug- 
handle) 


Highland  Avenue/ 

Needham  Street 
Traffic  Analysis 

RECOMMENDED  SHORT-TERM  ACTIONS : 
ACTIONS  UNDER  CONSIDERATION 
Package  1    (p. 2) 

CTPS 

TABLE 
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Locat  ion/Element     Consensus  Plan  Action 


3rd  Avenue 
I ntersect  ion 


Not  included  in  geo- 
graphic area  of  Con- 
sensus Plan 


4th  Avenue 
I ntersect  i  on 


Not  included  in  geo- 
graphic area  of  Con- 
sensus Plan 


"B"  Street 
Extens  ion 


Not  included  in  geo- 
graphic area  of  Con- 
sensus Plan 


Short-Term  Action 

o  1-way  operation  of 
3rd  Ave  S-bound* 
(outbound  from  NEIC) 

o  Traffic-light- 
controlled  S-bound 
3rd  Ave  approach 
split  into  1  exclu- 
sive right-turn  lane 
&  1  exclusive  left- 
turn  lane 

o  E-bound  &  W-bound 
approaches  on 
Kendrick  split  to  2 
through  lanes. each 

o  1-way  operation  of 
4th  Avenue  N-bound* 
(inbound  to  NEIC) 

o  4th  Ave  2   lanes  N- 
bound  from  intersec- 
tion 

o  Eastern  approach  on 
Kendrick  split  into 
1  exclusive  right- 
turn  lane  &  1 
through  lane 

o  Western  approach  on 
Kendrick  split  into 
1  exclusive  left- 
turn  lane  &  1 
through  lane 

o  Connection  of  3rd 
Ave  &  4th  Ave  via 
extension  of  B  St 
as  2-way  roadway  tc 
ease  circulation  of 
traffic  with  separa- 
tion of  inbound  & 
outbound  "gateways" 
on  southern  side  of 
NEIC 


Operation  of  3rd  and  4th  avenues  as  one-way  would  be  for  only 
the  first  500  feet  north  of  Kendrick  Street,   i.e.,  as  "gateway" 
points.     Both  3rd  and  4th  would  operate  as  two-way  streets 
within  the  NEIC  for  internal  NEIC-ci rculat ion  purposes. 


Highland  Avenue/ 

Needham  Street 
Traffic  Analysis 

RECOMMENDED  SHORT-TERM  ACTIONS: 
ACTIONS  UNDER  CONSIDERATION 
Package  2 

CTPS 

TABLE 
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Locat ion/Element     Consensus  Plan  Action 


Wi  nches ter 
Street/Route  9 
EB  Ramp  Inter- 
section 

Center  Street/ 
Route  9  WB  Ramp 
I ntersect  ion 


Floral  Street 


o  Signalize 


o  Signalize 


Not  included  in  geo- 
graphic area  of  Con- 
sensus Plan 


Apartment  Drive- 
ways 


Not  included  in  geo- 
graphic area  of  Con- 
sensus Plan 


Short-Term  Action 

o  Flashing  beacon  with 
geometric 
improvements 


o  One-way  operation 
with  flashing  beacon 
&  geometric  improve- 
ments 

o  Establish  2-way 

operat  ion 
o  Restrict  access  to 

ramp  to  right  turn 

only 

o  No  physical  barrier 

o  Prevent  access  to 

Rte  9  ramp 
o  Provide  access  to 

Center  St 


Highland  Avenue/ 

Needham  Street 
Traf f i a  Analyst R 

RECOMMENDED  SHORT-TERM  ACTIONS : 
ACTIONS  UNDER  CONSIDERATION 
Package  3 

CTPS 

TABLE 
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the  major-street  and  minor-street  traffic  movements  while  pro- 
viding a  specific  opportunity  for  the  minor-street  movements  to 
occur.     The  establishment  of  the  continuous  two-way  left-turn 
median  lane  along  Needham  Street  is  intended  to  formalize  an 
already  existing  informal  operations  pattern  in  such  a  way  as  to 
better  accommodate  the  numerous  left  turns  that  occur  along  this 
section  of  roadway  while  also  improving  the  flow  of  through  traf- 
fic.    The  lane-use  modifications  recommended  for  the  Highland 
Avenue/Second  Avenue  intersection  also  fall  into  the  category  of 
formalizing  already  existing  informal  operating  conditions. 

The  recommendations  in  Table  9-2,  while  still  short-term  in 
nature,  are  either  more  complex  or  less  urgent.     The  first 
several,  affecting  the  section  of  Highland  Avenue  between  First 
Avenue  and  Second  Avenue,  are  one  integrated  package  and  must  be 
treated  as  such,   not  as  individual,   isolated  elements.  This 
package  is  recognized  to  be  rather  complex  in  nature  when  it 
comes  to  implementation,  but  it  seems  practical  and  its  immediate 
benefits  to  existing  traffic  flow  would  be  very  substantial.  The 
Third  Avenue/Fourth  Avenue/B  Street  Extension  recommendations 
form  a  second  package  and  need  to  be  viewed  together.     The  imme- 
diate need  for  the  implementation  of  this  package  of  improvements 
is  not  as  great  as  for  the  previous  one,  but  now  is  the  time  to 
deal  with  this  section  of  Kendrick  Street--bef ore  more  serious 
problems  develop.     The  final  four  recommendations,   focused  on  the 
Route  9  ramp  area,   form  yet  another  package. 
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NEWTON-NEEDHAM 


LEWIS  B  SONCER.  CCE 
Eavcutiv*  Vtc«  ffM<d«nt 


CHAMBER  OF  COMMERCE,  INC. 

4  3  7    CHERRY    STREET    •    NEWTON,    MASSACHUSETTS    •  02165 

AREA   CODE   617    •  244-5300 


February  3,  1986 


Mr.  Lawrence  H.  Tittemore 

Central  Transportation  Planning  Staff 

State  Transportation  Building 

10  Park  Plaza,  Suite  2150 

Boston,  Massachusetts  02116 

Dear  Larry: 

the  JL'rttiFTiJZL  °f        technical  «W~ry  committee  members  (enumerated  «t 

on  J«.  9th  response  to  our  meeting  with  you  and  other  state  officials 

to  usVyour'Sfra^o riTSfgS^  dr8ft  "PO"  ~  ^ 

preeent'situation  I^""  de^nes'th^f  hf"  "  """""  the  Und  U8eS  and  the 
competence  at  a  highTe^of  analysis  *  ^n^  ^tT^Sl  wijS'S  easvl"1 
^i:T~nZJXT"im  ~  -  ^  «d^caedor8ryaphics 

Ast.te°thlt1t1h!"tre?t  "*."!  "  4ddreSS  the  P"ticulars,  we  should  dearly 
state  that  the  omission  of  the  frontage  road  parallel  to  Route  128  needs 

solutlonsTtne  11111°  vi?°ut*h°  f"""^  road  there  can  be  no  long'term 
solutions  to  the  problems  for  the  corridor.    There  simply  must  be  ways  to 

^^ST^S^  Hl8hland  AVCnUe  i-  Avenue^the 

A)    We  are  in  agreement  on  several  of  your  short-run  recommendations: 

l"    SjiwS  infal^tion  of  traffic  lights  at  the  Oak/Christina  and  Winchester/ 
Dedham/Needham  Streets  intersections  should  proceed. 

2'    L^wi*  t  ^  f°r  coordin*ting  the  timing  of  the  Oak/Christina  light 
with  the  Second  Avenue  light.  8 

3'    Movements!0  ""^       re-8triped  for  three  lanes  to  allow  for  left-turn 


4.    That  the  median  strip  at  First  Avenue  NOT  be  removed 
in  the  short  run. 

5.    That  the  5  lane  configuration  on  Highland  Avenue  allow 
for  a  third  lane  westbound  (continuous)  to  allow  for 
southbound  turns  into  Second  Avenue. 


(continued) 


H 


ACCREDITED 
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B)  We  would  suggest  modifications  on  the  following  issues: 

1.  That  the  suggested  improvements  for  Third  and  Fourth  Avenue  intersections 
with  Kendrick  Street  proceed  with  the  lane  markings.    The  concept  of  one-way 
streets  is  not  feasible  because  they  cannot  be  connected  by  extending 

B  Street  without  a  major  land  taking.    The  possibility  of  lights  at 
4th  and/or  3rd  should  be  considered,  also. 

2.  That  the  suggested  left  turn  lane  eastbound  on  Highland  Avenue  in  the  vicinty 
of  Charles  and  Wexford  Streets  be  limited  to  left  turns  only  into  Charles 
Street,  because  there  so  many  more  businesses  north  of  Highland  Avenue. 

This  change  would  be  predicated  on  continuing  Charles  Street  as  a  two-way 
street  and  making  Wexford  Street  a  "Do  Not  Enter"  street  from  Highland  Avenue 
and  requiring  all  traffic  leaving  Wexford  Street  be  limited  to  right  turn 
only  toward  Route  128. 

This  essentially  captures  the  same  concept  as  you  suggest  for  Third  and 
Fourth  Avenue  and  would  allow  some  stacking  in  the  left  turn  lane  eastbound 
without  impeding  other  traffic  eastbound.    It  could  be  done  as  a  "pilot" 
program  and  if  found  to  be  unworkable,  it  could  be  abandoned. 

3.  We  think  further  consideration  needs  to  be  given  to  the  Floral  Street/ramp 
connection  recommendation  (including  considering  making  Floral  Street  two 
ways)  to  avoid  trapping  the  apartment  house  residents. 

C)  We  do  not  agree  that: 

1.  In  the  short-run  the  Jug  handle  solution  is  practical  because  of  the  land- 
takings  that  would  be  necessary. 

2.  We  are  also  concerned  about  the  suggested  road  to  connect  at  the  base  of  the 
hill  with  Second  Avenue  because  it  is  too  close  to  the  intersection.  Traffic 
would  block  Second  Avenue  southbound  in  trying  to  "get  into  line"  on  Second 
Avenue  northbound.    The  very  recent  major  and  ongoing  construction 
practically  negates  this  possibility.    Again  the  practicality  involved  in 
land-taking  is  not  short-run.    We  do  not  agree  that  the  bridge  may  not  become, 
if  it  is  not  now,  a  bottleneck. 

D)  Also,  we  would  like  to  suggest  the  following: 

1.  That  the  restriction  right-turn-on  red  be  removed  at  Second  Avenue-Highland 
Avenue,  thus  creating  a  "release"  in  northbound  Second  Avenue  backups. 

2.  That  the  entire  program  keep  in  mind  that  the  impending  opening  of  the 
Hillside  Office  building  and  the  proposed  opening  of  the  Sheraton  Hotel  next 
Fall  will  have  a  substantial  impact  on  area  traffic  and  consideration  be 
given  to  method  of  evaluating  this  impact. 

We  wish  to  emphasize  the  importance  of  accomplishing  the  re-stripping,  lane 
designation,  signage  and  turn  restriction  during  the  1986  construction  season  and  that 
every  effort  be  made  to  assure  that  the  final  design,  bidding  and  installation  of  the 
practical  and  orderly  timetable  be  established  for  this  key  element  in  the  plan. 
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We  are  concerned  about  the  timing  and  sequence  of  the  final  report.  Would 
we  be  correct  in  assuming  that  you   will  issue  your  final  report  by  March  15 
If  so,  it  is  important  for  us  to  arrange  a  meeting  for  a  formal  presentation 
to  city  and  town  officials  as  soon  thereafter  as  possible. 

Thank  you  for  the  opportunity  to  continue  our  work  with  you. 


Sincerely, 

Lewis  B.  Songer,  cCE 
Executive  Vice  President 

(for  the  committee:) 


LBS/ho 

cc:    Lewis  Branzburg 
Barry  Canner 
Calvin  Cook 
John  Fox 
Paul  Giunta 
Roy  LaMotte 
John  Marr 
Richard  Robinson 


CTPS 


State  Transportation  Building 
10  Park  Plaza.  Suite  2150 
Boston,  MA  02116-3968 
(617)  973-7100 


CENTRAL 
TRANSPORTATION 
PL.  AIM IM I  IMG 
STAFF 


April  7,  1986 


Mr.  Lewis  Songer ,  CCE 
Executive  Vice  President 

Newton-Needham  Chamber  of  Commerce,  Inc. 
437  Cherry  Street 
Newton,  MA  02165 

Dear  Lew: 

I  would  like  to  thank  you  for  your  letter  on  behalf  of  the 
Newton,  Needham  and  Chamber  of  Commerce  members  of  the  Highland 
Avenue-Needham  Street  Technical  Advisory  Committee   (TAC)  con- 
taining your  responses  to  the  recommendations  made  in  the 
"Preliminary  Draft  Existing  Conditions  Report."     Your  letter  will 
be  included  as  an  appendix  in  the  final  version  of  that  report 
along  with  this  letter   (and  accompanying  memorandum) .     During  the 
coming  month,  the  members  of  the  TAC  will  also  receive  a  detailed 
memorandum  written  by  CTPS,  at  the  request  of  the  Massachusetts 
Department  of  Public  Works.     This  memorandum  explains  specific 
problems  that  were  identified  and  addressed  concerning  the  por- 
tion of  Highland  Avenue  between  the  Route  128  interchange  and  the 
Charles  River. 

We  think  it  is  important  to  reiterate  why  an  existing  con- 
ditions report  was  developed  in  the  first  place.     During  the 
course  of  our  data  collection  and  analysis,   it  became  apparent 
that  opportunities  existed  for  making  immediate  improvements  to 
traffic  operations  within  the  corridor.     It  was  also  apparent  to 
us  that  the  rapid  commercial  development  now  underway  could  fore- 
close long-term  opportunities  for  improvement,   if  immediate  steps 
were  not  taken  to  preserve  the  land  necessary  to  accomplish  these 
improvements.     That  is,  the  existing  conditions  report  was 
designed  to  provide  a  means  of: 

o  Pointing  out  opportunities  for  making  significant  physical 
improvements  of  a  relative  short-terra,   inexpensive  nature 
which  are  compatible  with  more  long-term,  capital  inten- 
sive improvements  that  will  also  be  necessary.  Opportuni- 
ties which  fall  into  this  category  include  signalizat ion 
of  unsignalized  intersections,  geometric  upgrades, 
restriping  of  existing  pavement  and  minor  intersection 
wideni  ngs . 

o  Also  pointing  out  opportunities  for  protecting  needed 

r ight-of -way  now  before  the  opportunity  for  acquisition  of 
that  right-of-way  is  lost.     An  example  would  be  the  reser- 
vation of  land  for  a  connection  between  Third  and  Fourth 
Avenues  within  the  New  England  Industrial  Center. 
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Your  letter  specifically  notes  the  omission  of  the  "Frontage 
Road"  from  the  recommendations  contained  in  this  report.     This  is 
true  only  because  of  its  long-term  nature.     This  fact  was  not 
made  clear  in  the  draft  of  the  report. 

Due  to  the  length  of  our  responses,  we  have  chosen  to  pack- 
age our  responses  in  the  form  of  the  attached  memorandum.  Each 
comment  has  been  addressed  in  detail. 

Again,  we  thank  you  for  your  comments.     We  look  forward  to 
working  with  you  in  advocating  implementation  of  short-term 
opportunities  during  the  1986  construction  season.     We  feel  a 
united  front  must  be  presented  in  order  to  enhance  the  possibil- 
ity of  receiving  a  quick  response  to  corridor  needs  from  the 
MDPW. 


LHT:od:53204 
Attachment 

cc:     Barry  Canner ,  Newton 
Roy  LaMotte,  Newton 
Calvin  Cook,  Needham 
Jack  Marr,  Needham 
Richard  Robinson,  Needham 
John  Fox,   N/N  Chamber  of  Commerce 
Lewis  Branzburg,   N/N  Chamber  of  Commerce 
Michael  Meyer,  MDPW 
John  Gaynor ,  MDPW 
Robert  Patneaude,  MDPW 
Allan  McKinnon,  EOTC 
Robert  Sloane,  EOTC 
Edward  Bates,  MAPC 


Very  truly  yours, 


Lawrence  H.  Tittemore 


CTPS 
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MEMORANDUM 


TO: 


The  Highland  Avenue-Needham  Street 
Corridor  Technical  Advisory  Committee 


April  3,  1986 


FROM: 


Lawrence  H.  Tittemore 
William  T.  Steffens 


RE  : 


Response  to  Newton- Needham  Chamber  of  Commerce  Letter  of 
February  3,  1985 


This  memorandum  serves  as  the  CTPS  response  to  the  Newton, 
Needham  and  Chamber  of  Commerce  members  of  the  Highland 
Avenue-Needham  Street  Technical  Advisory  Committee  (TAC)  letter 
dated  February  3,  1986.     That  letter  contains  comments  concerning 
the  recommendations  within  the  "Preliminary  Draft  Existing 
Conditions  Report  for  the  Highland  Avenue-Needham  Street  Corridor 
Traffic  Study. 

In  section  A  of  the  letter,  several  comments  were  made  that 
were  stated  to  be  in  agreement  with  certain  of  the  report  recom- 
mendations . 

Comment  A. 1 :     "That  the  installation  of  traffic  lights  at  the 
Oak/Chr ist i na  and  Winchester/Dedhara/Needham  Streets  intersections 
should  proceed." 

CTPS  Response:     While  we  did  recommend  that  signals  be  installed 
at  the  Oak  Street/Christina  Street  intersection,  we  do  not  recom- 
mend that  these  improvements  proceed  as  currently  planned  by  the 
Massachusetts  Department  of  Public  Works   (MDPW).     We  believe  that 
an  integral  part  of  this  improvement  requires  that  the  Christina 
Street  center  line  be  brought  into  alignment  with  that  of  Oak 
Street  and  that  the  Oak  Street  approach  be  striped  to  accommodate 
an  exclusive  right-turn  lane  and  a  shared  left-turn/ through  lane. 
The  current  MDPW  plans  do  not  contain  either  of  these  features. 
Without  these  features  the  signalization  will  introduce  more 
delay  than  is  necessary  on  Needham  Street  and  unsafe  vehicle 
maneuvering  will  continue. 

Comment  A. 2:     "There  is  a  need  for  coordinating  the  timing  of 
the  Oak/Christina  light  with  the  Second  Avenue  light." 

CTPS  Response:     Although  we  generally  agree  with  the  recommenda- 
tion cited  in  A. 2,  we  are  not  responsible  for  a  recommendation 
proposing  signal  coordination  between  these  intersections.  The 
Manual  on  Uniform  Traffic  Control  Devices   (MUTCD)    specifies  that 
traffic  control  signals  within  1/2  mile  of  one  another  should  be 
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operated  in  coordination.     Oak  Street  and  Second  Avenue  do  fall 
within  1/2  mile  of  one  another.     As  also  stated  in  the  MUTCD, 
"...coordination  need  not  be  maintained  across  boundaries  between 
signal  systems  which  operate  on  different  time  cycles."     This  is 
an  important  caveat  since  adjustments  to  signal  operations  to 
accommodate  coordination  schemes  necessitate  the  establishment  of 
a  "priority  intersection"  because  phasings  and  timings  are  seldom 
identical  between  any  two  intersections.     Furthermore,  we  reserve 
the  right  to  withold  such  a  recommendation  pending  a  review  of 
signal  operations  at  each  location. 

Comment  A. 3:     "That  Needham  Street  be  re-striped  for  three 
lanes  to  allow  for  left-turn  movements." 

CTPS  Response;     For  clarity,  the  recommendation  states  that  the 
third  (center)   lane  be  striped  as  a  continuous  two-way,  left-turn 
lane . 

Comment  A. 4:     "That  the  median  strip  at  First  Avenue  NOT  be 
removed  in  the  short  run." 

CTPS  Response:     We  concur. 

Comment  A. 5:     "That  the  5  lane  configuration  on  Highland 

Avenue  allow  for  a  third  lane  westbound  (continuous)    to  allow  for 

southbound  turns  onto  Second  Avenue." 

CTPS  Response:     A  five-lane  section  on  Highland  Avenue  between 
Second  Avenue  and  the  Highland  Avenue  Bridge  is  not  recommended 
for  i mplementaion  under  current  traffic  conditions.  Not  specifi- 
cally stated  is  the  need  for  maintaining  the  present  cross- 
section  to  provide  safe  transition  to  the  Highland  Avenue  Bridge 
which  remains  one  lane  in  each  direction.     Our  recommendation 
regarding  the  three-legged  Highland  Avenue/Second  Avenue  inter- 
section proposes,   for  Highland  Avenue,   the  maintenance  of  the 
existing  two-lane  eastbound  approach  and  the  addition  of  an 
exclusive  left-turn  lane  to  the  two  through  lanes  on  the  west- 
bound approach.     This  exclusive  left-turn  lane  is  required  to 
separate  left  turns  from  through  traffic.     For  the  Second  Avenue 
approach  to  this  intersection,  we  recommend  restriping  of  the 
existing  pavement  to  provide  for  two  exclusive  left-turn  lanes 
and  one  exclusive  right-turn  lane. 

In  section  B  of  the  letter,   modifications  to  the  report 
recommendations  were  proposed. 

Comment  B . 1 :     "That  the  suggested  improvements  for  Third  and 
Fourth  Avenue  intersections  with  Kendrick  Street  proceed  with  the 
lane  markings.     The  concept  of  one-way  streets  is  not  feasible 
because  they  cannot  be  connected  by  extending  B  Street  without  a 
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major  land  taking.     The  possibility  of  lights  at  4th  and/or  3rd 
should  be  considered,  also." 

CTPS  Response:     The  recommended  improvements  for  these  intersec- 
tions depend  heavily  on  the  establishment  of  a  one-way  pair 
system,  with  signalization  at  Third  Avenue,  and  depend  less  on 
lane  striping.     We  fully  understand  that  land  acquisition  would 
be  necessary  to  connect  Third  Avenue  and  Fourth  Avenue.  It 
appears  to  us  that  such  a  connection  could  be  accomplished  using 
land  that  is  presently  unbuilt  upon.  The  lane  striping  by  itself 
would  provide  little  aside  from  formalizing  the  existing  pattern 
of  use. 

Comment  B.2;     "That  the  suggested  left  turn  lane  eastbound  on 
Highland  Avenue  in  the  vicinty  (sic)  of  Charles  and  Wexford 
Streets  be  limited  to  left  turns  only  into  Charles  Street, 
because  there  [are]  so  many  more  businesses  north  of  Highland 
Avenue.     This  change  would  be  predicated  on  continuing  Charles 
Street  as  a  two-way  street  and  making  Wexford  Street  a  "Do  Not 
Enter"  street  from  Highland  Avenue  and  requiring  all  traffic 
leaving  Wexford  Street   [to]  be  limited  to  right  turn  only  toward 
Route  128.     This  essentially  captures  the  same  concept  as  you 
suggest  for  Third  and  Fourth  Avenue  and  would  allow  some  stacking 
in  the  left  turn  lane  eastbound  without  impeding  other  traffic 
eastbound.     It  could  be  done  as  a  "pilot"  program  and  if  found  to 
be  unworkable,   it  could  be  abandoned." 

CTPS  Response;     For  the  segment  of  Highland  Avenue  between  Second 
Avenue  and  Route  128,   the  recommendation  is  for  the  establishment 
of  a  five-lane  cross-section  with  a  continuous   left-turn  lane  for 
westbound,   not  eastbound ,  traffic.     We  do  not  agree  that  left 
turns  should  continue  to  be  allowed  from  eastbound  Highland 
Avenue  into  either  Wexford  Street  or  Charles  Street.     It  is  these 
very  turns  which  severely  disrupt  traffic  operations  at  the 
Second  Avenue  intersection  today. 

The  suggested  modification  to  the  Wexford/  Charles  Street 
operation,    (i.e.,   forcing  all  left  turns  to  and  from  Wexford 
Street  onto  Charles  Street) ,   is  of  limited  technical  value  and 
could  prove  counter-productive,   if  implemented.     The  extreme 
proximity  of  Charles  Street  to  the  Highland  Avenue/Second  Avenue 
signalized  intersection  would  make  left  turns  from  the  commercial 
area  north  of  Highland  Avenue  even  more  difficult.     This  would  be 
due  to  the  persistent  blocking  effect  caused  by  stopped  eastbound 
traffic  on  Highland  Avenue  during  the  Highland  Avenue  red  phase. 
In  addition,  a  major  portion  of  the  storage  space  (the  distance 
between  Charles  Street  and  Wexford  Street)   currently  used  by 
westbound  Highland  Avenue  traffic  when  left  turns  are  being  made 
to  or  from  Wexford  Street  would  be  eliminated.  The  direct  result 
of  this  loss  of  storage  space  would  be  lengthened  traffic  queues 
in  two  directions,  with  one  queue  stretching  back  toward  the 
Highland  Avenue  Bridge  and  the  other  queue  stretching  into  the 
New  England  Industrial  Center.     The  suggested  modification 
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could  only  be  fully  accomplished  if  the  Charles  Street  approach 
to  Highland  Avenue  was  brought  into  alignment  with  the  Second 
Avenue  approach  to  Highland  Avenue.     Charles  Street  and  Second 
Avenue  operations  could  then  be  brought  under  the  control  of  a 
single  signal.     This  would  involve  major  land-taking  and  building 
demol i  t  ion . 

We  agree  that  this  modification  appears  similar  in  concept 
to  the  recommendation  made  for  improved  operations  at  Third 
Avenue  and  Fourth  Avenue.     However,  the  physical  conditions  and 
traffic  demands  of  the  two  locations  are  vastly  different  and 
require  different  improvement  strategies.     Furthermore,  we  would 
neither  recommend  nor  expect  the  MDPW  to  experiment  with  a 
"pilot"  project  in  this  critical  area. 

Comment  B.3;     "We  think  further  consideration  needs  to  be 
given  to  the  Floral  Street/ramp  connection  recommendation 
(including  considering  making  Floral  Street  two  ways)   to  avoid 
trapping  the  apartment  house  residents." 

CTPS  Response;     These  considerations  would  be  made  in  the  design 
stages.     There  appears  to  be  sufficient  right-of-way  available  to 
provide  the  apartments  with  direct  Centre  Street  access. 

In  section  C  of  the  letter,  two  areas  of  disagreement  with 
the  recommendations  made  in  the  report  were  noted. 

Comment  C . 1 ;     "In  the  short-run  the  jug  handle  solution  is 
[ not ]  pract ical  because  of  the  land-takings  that  would  be 
necessary . " 

CTPS  Response:     It  is  true  that  this  is  not  a  project  that  could 
be  accomplished  in  the  short-term.   It  was  included  because  of  the 
immediate  need  to  protect  its  potential  right-of-way  from  the 
almost  continous  development  that  is  occurring  along  Highland 
Avenue . 

Comment  C . 2 ;     "We  are  also  concerned  about  the  suggested  road 
to  connect  at  the  base  of  the  hill  with  Second  Avenue  because  it 
is  too  close  to  the  intersection.     Traffic  would  block  Second 
Avenue  southbound  in  trying  to  "get  into  line"  on  Second  Avenue 
northbound.     The  very  recent  major  and  ongoing  construction  prac- 
tically negates  this  possibility.     Again  the  practicality 
involved  in  land-taking  is  not  short-run..." 

CTPS  Response;     We  agree  that  land  acquisition  is  required  to 
successfully  implement  this  action.     This  is  the  same  right-of- 
way  protection  referred  to  in  the  C.l  response.     The  time 
required  to  acquire  the  necessary  right-of-way  is  a  matter  for 
the  Town  of  Needham  to  address.     As  to  the  potential  for  problems 
to  occur  at  the  intersection  of  the  service  road  with  Second 
Avenue,  we  do  not  agree  that  problems  of  any  magnitude  would 
occur  as  northbound  traffic  demand  along  Second  Avenue  peaks  when 
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southbound  demand  is  low.     If  necessary,   the  service  road  could 
be  signal  controlled  at  Second  Avenue  in  coordination  with  the 
Highland  Avenue/Second  Avenue  signal. 

With  respect  to  the  effect  of  recent  construction  work  in 
the  immediate  area  of  the  proposed  right-of-way,   it  is  presently 
unclear  if  there  is  sufficient  space  remaining  for  construction 
of  the  road.  -Until  it  is  confirmed  that  the  necessary  right-of- 
way  no  longer  exists,  this  recommendation  should  not  be  dismissed 
out-of-hand.     One  necessary  element  for  the  successful  improve- 
ment of  traffic  conditions  on  Highland  Avenue,  especially  in  the 
area  of  Second  Avenue,  Charles  Street,  Wexford  Street,  and  the 
intervening  block  face,   is  the  elimination  of  eastbound  Highland 
Avenue  left  turns.     The  "jug-handle"  aspect  of  the     service  road 
between  First  and  Second  avenues  would  permit  the  conversion  of 
these  left  turns  into  right  turns  made  from  the  westbound 
Highland  Avenue  traffic  stream  and  eliminate  the  present  disrup- 
tive effects  caused  by  this  traffic. 

Comment  C.2   (cont'd):     "...We  do  not  agree  that  the  bridge 
may  not  become,   if  it  is  not  now,  a  bottleneck." 

CTPS  Response;     The  examination  of  bridge  capacity  presented  in 
the  report  offers  a  comparison  of  available  capacity  and  peak 
hour  demand.     As  indicated  in  the  report,   the  bridge  offers  a 
higher  level  of  service  than  does  the  Second  Avenue/Highland 
Avenue  intersection  to  its  west  and  the  Oak  Street /Chr i st i na 
Street/Needham  Street  intersection  to  its  east.     The  conclusion 
drawn  from  this  finding  is  that  unless  and  until  one  or  the  other 
intersection  is  upgraded  to  a  capacity  level  above  that  of  the 
bridge,   the  bridge  will  never  act  as  a  "bottleneck".     If,  at  some 
future  time,   intersection  improvements  are  completed  at  either 
intersection  which  raise  the  capacity  above  that  of  the  bridge 
and  travel  also  increases  above  the  present  bridge  capacity,  the 
bridge  could  act  as  a  constraint  to  vehicle  flow.     No  inter- 
section capacity  improvement  of  this  magnitude  is  currently  con- 
templated . 

In  section  D  of  the  letter,   two  additional  recommendations 
are  suggested. 

Comment  D.l;     "That  the  restriction  [on]  right-turn-on  red  be 
removed  at  Second  Avenue-Highland  Avenue,   thus  creating  a 
"release"   in  northbound  Second  Avenue  backups." 

CTPS  Response:     We  agree  that  consideration  should  be  given  to 
the  removal  of  the  r ight- turn-on-red  restriction  on  northbound 
traffic  at  the  Second  Avenue  approach  to  Highland  Avenue.     We  do 
feel,  however,  due  to  a  low  volume  of  right  turns,  that  this 
action  would  have  only  a  minor  positive  effect  on  traffic  flow. 
The  negative  aspect  of  this  action  would  be  to  intensify  an 
already  difficult  situation  for  pedestrian  movement.   Keep  in 
mind,    it  was  either  a  safety  consideration  or  a  request  from 
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Needham  officials  that  led  to  the  imposition  of  the  turn  restric- 
tion in  the  first  place.     We  again  reiterate  our  recommendation 
to  restripe  the  Second  Avenue  approach  to  Highland  Avenue  with 
two  exclusive  left-turn  lanes  and  one  exclusive  right-turn  lane. 

Comment  D.2;     "That  the  entire  program  keep  in  mind  that  the 
impending  opening  of  the  Hillside  Office  building  and  the  pro- 
posed opening  of  the  Sheraton  Hotel  next  Fall  will  have  a 
substantial  impact  on  area  traffic  and  consideration  be  given  to 
[a]  method  of  evaluating  this  impact." 

CTPS  Response;     The  traffic  impact  of  these  developments, 
together  with  all  other  foreseeable  corridor  growth,  has  been 
considered  in  the  study  of  future  conditions. 

LHT : WTS : dap 
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Appendix  B 


Description  of  Content 

In  the  spring  of  1983,   the  Metropolitan  Area  Planning 
Council  undertook  a  comprehensive  investigation  of  land  use  in 
the  Highland  Avenue/Needham  Street  Corridor  study  area.     Land  use 
inventories  were  compiled  for  each  community  by  parcel,   through  a 
review  of  assessor's  maps  and  follow-up  field  visits.  Forecasts 
of  future  land  use  developments  were  based  on  zoning  by-laws, 
discussions  with  community  leaders  and  on  proposals  currently 
planned  for  construction  within  the  corridor  study  area. 

Both  communities  assisted  in  the  research  and  forecasting 
efforts  with  staff  time  and  the  provision  of  documentation.  This 
appendix  contains  the  results  of  these  combined  efforts.  The 
information  is  presented  in  report  form  and  is  of  sufficient 
detail  and  content  to  be  considered  a  separate,   stand-alone  pro- 
duct of  this  study. 
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EXECUTIVE  SUMMARY 


A  detailed  examination  of  land  use  in  the  Highland  Avenue/ 
Needham  Street  corridor  is  important  in  light  of  the  burgeoning 
growth  and  development  pressures  occurring  there.     The  major 
findings  of  this  examination  are  as  follows: 

o  Land  use  in  the  study  area  ranges  from  residential  around  the 
periphery  to  more  intensive  retail,  office,  and  industrial 
along  major  roadways. 

o  Vacant  land  does  not  exist  for  development  purposes  in  general. 

o  The  area  is  undergoing  redevelopment  of  underutilized  parcels 
for  uses  which  are  more  intensive  and  for  which  there  is  more 
market  demand. 

o  Needham' s  portion  of  the  study  area's  land  use  can  be  charac- 
terized as  follows: 

-  Route  128  bisects  Needham' s  portion  of  the  study  area  and 
serves  as  an  effective  buffer  between  highly  divergent  land 
uses  . 

-  West  of  Route  128  and  south  of  Highland  Avenue,   the  land  use 
is  virtually  all  residential.     North  of  Highland  Avenue,  there 
is  some  office,  retail,  and  light  industrial  development  domi- 
nated by  Muzi  Ford. 

-  East  of  Route  128  the  land  in  Needham  is  characterized  by  non- 
residential development  almost  exclusively.     North  of  Highland 
Avenue,   local,   service-oriented  facilities  prevail.  Larger, 
regional  businesses  can  be  found  in  the  New  England  Industrial 
Center  south  of  Highland  Avenue. 

o  Newton's  portion  of  the  study  area's  existing  land  use  is  as 
follows : 

-  Strip  development,  with  a  mix  of  retailers,  characterizes  the 
Needham  Street  corridor  between  the  Charles  River  and 
Winchester  Street,  along  with  the  somewhat  ill-defined  Newton 
Industrial  Center,  which  filters  down  side  streets  near  the 
Needham  town  line. 

-  Industrial  buildings  in  the  corridor  are  low-rise,  older 
structures  with  setbacks  and  off-street  parking  which  are 
limited  or  nonexistent. 
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-  There  is  a  large  residential  area  separating  the  Needham 
Street  corridor  from  the  Wells  Avenue  at  Route  128  Office  Park 
to  the  south;  single-family  homes  predominate  nearer  to  the 
corridor  and  the  Jewish  Community  Center  and  Charles  River 
Country  Club  predominate  nearer  to  the  office  park. 

-  The  Wells  Avenue  at  Route  128  Office  Park  is  a  spacious 
complex  consisting  of  low-rise  buildings  in  a  campus-like 
environment  with  generous  setbacks  and  off-street  parking. 

o  In  Needham,   manufacturing  is  the  principal  land  use,  with  2.5 
million  square  feet  of  building  space,   followed  by  office,  with 
875,000  square  feet,  and  retail,  with  230,000. 

o  In  Newton,  manufacturing  is  also  the  principal  land  use,  with 
1.5  million  square  feet  of  building  space,   followed  by  office, 
with  1  million  square  feet,  and  retail,  with  300,000. 

o  New  or  probable  developments  in  Needham  as  of  1984  are  expected 
to  total  some  660,000  square  feet  of  non-residential  space. 

o  New  or  probable  developments  in  Newton  as  of  1984  are  expected 
to  total  some  350,000  square  feet  of  non-residential  space  and 
about  90  residential  units. 

o  Local  land-use  policies  in  Needham  favor  the  residential 
character  of  the  town,   reject  the  encouragement  of  more 
industrial  area,  and  encourage  more  intensive  redevelopment  of 
already  developed  areas  contingent  upon  demonstration  of  accep- 
table impacts. 

o  A  recent  study  done  by  Lozano,  White  &  Associates  for  the 

Needham  Street  corridor  in  Newton  foresees  a  change  from  ware- 
house space  to  office  and  retail  space  via  the  redevelopment  of 
a  few  large  parcels  and  some  smaller  properties.  Existing 
capacities  of  the  sewer  system  and  roadways  are  not  adequate  to 
handle  major  redevelopment  in  the  corridor,  and  will  be  a  major 
factor  in  controlling  development     in  the  next  ten  years. 

o  A  1995  future-development  scenario  for  Needham  yields  a  net 
loss  of  about  twelve  residential  units  for  a  total  of  558 
units,  and  a  net  gain  of  approximately  1,070,000  square  feet  of 
non-residential  development  for  a  total  of  4,625,000  square 
feet . 

o  A  1995  future-development  scenario  for  Newton  yields  a  net  gain 
of  about  110  residential  units  for  a  total  of  641  units,  and  a 
net  gain  of  approximately  685,000  square  feet  of  non- 
residential development  for  a  total  of  3,672,871  square  feet. 

If  growth  is  to  be  successfully  accommodated  in  the  Needham/ 
Newton  study  area,  and  unbridled  development  checked,  more 
stringent  local  controls  on  land  use  and  growth  will  be  necessary. 
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1      EXISTING  CONDITIONS 


1 . 1  OVERVIEW 

A  land-use  inventory  has  been  compiled  using  data  from 
Needham  and  Newton  assessors'   records  of  the  square  footage  of 
buildings  for  each  of  three  generalized  land-use  types:  manufac- 
turing, office,  and  retail.     In  addition,   residential  land-use 
data  have  been  collected  as  they  relate  to  the  number  of  housing 
units--and  the  units  per  acre  for  high  concentrations  of  homes — 
in  the  study  area.     These  data  were  used  for  trip-generation 
purposes . 

Figure  1-1  depicts  the  general  land  uses  in  the  study  area 
as  of  the  base  year  of  1984.     Land  use  in  the  study  area  ranges 
from  residential  around  the  periphery  to  more  intensive  uses  such 
as  retail,  office,  and  industrial  along  major  transportation 
thoroughfares.     Vacant  land,   for  the  most  part,   is  not  available 
for  development  purposes.     Instead,   new  development  in  the  area 
is  occurring  through  the  redevelopment  of  presently  underutilized 
parcels  for  more  intensive  uses  for  which  there  is  currently  more 
of  a  demand. 

The  mix  of  land  uses  is  not  compatible  in  some  areas,  with 
the  intensity  of  uses  varying  markedly,   thereby  exacerbating  the 
problems  along  the  Highland  Avenue/Needham  Street  corridor. 
Figure  1-2  presents  generalized  zoning  districts  for  the  study 
area . 

1.1.1  Needham 

Needham' s  portion  of  the  study  area  is  bisected  by  Route  128, 
which  serves  as  an  effective  buffer  between  highly  divergent 
land-use  types.     West  of  the  Route  128  right-of-way,   the  land  use 
south  of  Highland  Avenue  is  virtually  all  residential  to  Webster 
Street  and  Tower  Avenue  on  the  west.     As  this  area  is  zoned  for 
single  residences  and  is  an  established  residential  district,  no 
commercial  or  industrial  intrusions  are  to  be  anticipated;  there 
is  some  office,  retail,  and  light  industrial  development  to  the 
north  of  Highland  Avenue,  which  becomes  more  intensive  as  one 
approaches  Route  128  from  the  west.     The  parcel  of  land  presently 
occupied  by  Muzi  Ford,  a  large  car  dealership,  anchors  this  area. 

East  of  the  Route  128  right-of-way,  the  existing  land  use  is 
almost  exclusively  non-residential  in  character.  Here,  Highland 
Avenue  is  bordered  by  more  local,   service-oriented  facilities, 
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with  the  larger,  regional  businesses  occupying  the  "of f -Highland" 
sites,   culminating  in  the  New  England  Industrial  Center,  located 
on  the  southern  side  of  the  street.     As  the  industrial  park  is 
zoned  for  manufacturing,   which  is  an  inclusive  zoning  district  in 
Needham,   some  business  uses  as  well  as  most  office  and  manufac- 
turing uses  are  allowed  by  right  or  special  permit.     The  strip 
zoned  for  business  that  borders  Highland  Avenue  allows  single- 
family  residences  as  of  right  and  manufacturing  uses  by  special 
permit . 

Land  use  becomes  less  intensive  near  the  Charles  River/Newton 
line,  with  smaller  businesses  and  residences  abutting  Highland 
Avenue.     The  residential  district  at  Highland  Terrace/Riverside 
Street,   located  to  the  southern  side  of  Highland  Avenue,  stands 
as  a  bastion  against  development  and  is  reflective  of  a  time  when 
Needham  was  not  confronted  with  heavy  demands  for,  and  pressure 
from,  development.     Unlike  those  residential  units  across  the 
street  on  the  northern  side  of  Highland  Avenue,   this  area  is 
likely  to  remain  unchanged  in  the  near  term. 

1.1.2  Newton 

Across  the  Charles  River,   more  intensive  land  uses  again  pre- 
vail, with  a  mix  of  commercial  and  light  industrial  uses  bor- 
dering Needham  Street.     Strip  development  characterizes  the 
corridor  between  the  Charles  River  and  Winchester  Street  to  the 
east,   with  a  myriad  assortment  of  retailers  and  the  sprawling, 
somewhat  ill-defined  Newton  Industrial  Center   (NIC)   spilling  over 
each  side  of  Needham  Street  and  filtering  down  Tower  Road  on  the 
northern  side  and  Industrial  Place  and  Charlemont  Street  on  the 
southern  side  of  Needham  Street. 

The  NIC  is  actually  a  number  of  small  industrial  parks 
situated  on  these  side  streets.     They  are  located  on  one-way  or 
dead-end  roads,  which  protects  adjacent  residential  areas.  The 
industrial  buildings  are,   for  the  most  part,   low-rise,  older 
structures  with  setbacks  and  off-street  parking  that  are  limited 
or  absent.     They  are  generally  "orphans,"  associated  with  the 
Needham  Street  area's  former  role  as  an  industrial  center. 

The  Needham  Street  corridor  is  undergoing  a  complex  infill 
scenario  accompanied  by  changes  both  in  scale  of  development  and 
in  predominant  use.     Interspersed  among  the  industrial  uses  in 
the  NIC  are  newer  retail  and  office  complexes,   including  the 
60 ,000-square-foot  Marshall's  Shopping  Plaza.     This  scenario 
occurs  as  a  result  of  zoning  areas  for  lighter  industrial  or 
heavy  commercial  uses,   for  which  the  ordinance  provisions  are 
more  flexible  than  for  typical  retail  commercial  zones. 

The  zoning  in  the  Needham  Street  corridor   (approximately  200 
feet  to  either  side  of  the  street)    is  for  manufacturing.  This 
zoning  classification  in  Newton  is  at  present  essentially  an 
"open  door"  zone.     Such  zoning  can  act  as  a  conduit  for  related 
activities  to  come  in  and  cannibalize  parcels  which  are  ripe  for 
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conversion  to  uses  for  which  there  is  more  market  demand.  The 
office  intrusions  along  Needham  Street  that  are  already  taking 
place  have  led  to  speculation  as  to  what  will  become  of  some  of 
the  larger  industrial  parcels  that  border  Needham  Street  in  the 
near  future. 

There  is  a  large  residential  area  separating  the  Needham 
Street  corridor  from  the  Wells  Avenue  at  Route  128  Office  Park  to 
the  south.     This  includes  a  thickly  settled  area  of  single-family 
homes  nearer  to  the  corridor  and  more  open  land,   containing  the 
Jewish  Community  Campus  and  the  Charles  River  Country  Club, 
nearer  to  the  office  park.     These  latter  parcels,  because  of 
their  proximity  to  Wells  Avenue,  are  prime  sites  for  more  inten- 
sive uses,  assuming  that  demand  remains  strong  in  the  future. 

The  Wells  Avenue  at  Route  128  Office  Park  comprises  mostly 
low-rise,   expansive  buildings  in  a  campus-like  environment  with 
sufficient  off-street  parking.     It  is  zoned  "limited 
manufacturing,"  which  allows  certain  commercial,  office,  and 
industrial  uses  by  right.     Although  a  range  of  uses  is  permitted, 
the  large  number  of  office  buildings  reflects  the  demand  for 
office  space  in  the  area.     With  a  ceiling  cap  on  office  develop- 
ment at  1,200,000  square  feet,  which  has  nearly  been  reached, 
Newton  will  experience  additional  pressure  from  outside  to  allow 
more  office  developments  in  this  area. 

1 . 2     ANALYSIS  OF  DATA 

Data  has  been  compiled  on  the  current  land  uses  in  the  study 
area  in  terms  of  housing  units  and  square  footage  of  office, 
retail,  and  manufacturing  buildings.     This  information  was 
gathered  from  the  Needham  and  Newton  assessors'   offices  and  from 
field  visits  to  each  community,  as  well  as  in  conversations  with 
local  planners  and  officials. 

The  square  footage  of  existing  non-residential  buildings  was 
classified,  using  assessors'   records,  by  predominant  land-use 
type  for  trip-generation  purposes.     When  available,   the  specific 
type  of  business  was  identified. 

Manufacturing  is  the  principal  land  use  in  the  Needham  sec- 
tion, with  2.5  million  square  feet  of  space,   followed  by  office 
with  875,000  square  feet  and  retail  with  230,000.     The  New 
England  Industrial  Center  is  clearly  in  evidence  in  these  num- 
bers . 

In  Newton,  as  in  Needham,   manufacturing  is  the  principal  land 
use,  with  1.5  million  square  feet  of  space,   followed  by  office 
with  1.2  million  square  feet  and  retail  with  300,000.     The  Newton 
Industrial  Center  accounts  for  most  of  the  manufacturing  total, 
while  the  more  recent  growth  in  office  development  can  be  seen  in 
the  Wells  Avenue  at  Route  128  Office  Park,  which  accounts  for  two 
thirds  of  the  office  total.     Retail  uses  are  confined  to  the 
Needham  Street  corridor. 
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The  largest  number  of  residential  units  in  the  study  area  can 
be  found  west  of  Route  128  in  Needham,  an  area  characterized  by 
single-family  homes  on  larger  lots,  with  vacant  land  virtually 
nonexistent.     The  Winchester  Street  area  of  Newton  has  a  large  t 
concentration  of  homes  on  smaller  lots,  with  considerable  open 
space.     Finally,   the  cluster  of  homes  in  Needham  east  of  Second 
Avenue  merits  inclusion,  primarily  because  of  its  location  in  the 
corridor  and  the  traffic  impacts  it  generates  and  receives. 

1 .3     SUBAREA  CHARACTERISTICS  • 

The  study  area  has  been  divided  into  a  number  of  subareas, 
for  ease  in  interpretation  as  well  as  a  finer  breakdown  of  data 
on  residential,  office,   retail,  and  manufacturing  uses.  There 
are  five  subareas  in  Needham  and  three  in  Newton,  as  shown  in 
Figure  1-3;   land-use  statistics  for  each  are  presented  in  Table  t 
1-1 . 

1.3.1  Needham 

Needham  has  been  divided  into  subarea  A  (north  of  Highland 
Avenue  from  Webster  Street  to  Route  128) ,   subarea  B  (south  of  4 
Highland  Avenue  from  the  study  area's  western  boundary  to  Route 
128),   subarea  C  (north  of  Highland  Avenue  from  Route  128  to  the 
Newton  line),   subarea  D  (south  of  Highland  Avenue  from  Route  128 
to  the  Newton  line  by  including  only  the  swath  of  land  abutting 
Highland  Avenue  and  the  residential  area  of  Highland  Terrace), 
and  subarea  E  (south  of  Subarea  D  from  Route  128  to  the  Newton  * 
line,   including  almost  all  of  the  New  England  Industrial  Center). 

Subarea  A  is  characterized  by  a  mix  of  land  uses  which 
generally  follow  the  pattern  of  industrial  nearest  the  railroad 
and  highway,  office  and  retail  along  Highland  Avenue,  and  resi- 
dential along  the  side  streets.     Muzi  Ford  dominates  the  area,  * 
because  of  its  visibility  from  the  highway,  and  acts  as  a  cor- 
nerstone for  the  industrial  uses  to  its  north  and  the  newer 
retail  and  office  uses  trickling  down  Highland  Avenue.     It  acts, 
in  effect,  as  the  gateway  to  Needham  and,  with  the  New  England 
Industrial  Center,   is  what  most  people  who  travel  Route  128  have 
come  to  visually  associate  with  Needham.  • 

Subarea  B,   with  the  exception  of  a  single  office  building,  is 
an  established  residential  area.     Single-family  homes  predomi- 
nate,  reinforcing  Needham's  image  as  a  residential  suburb. 

Subarea  C  is  primarily  a  non-residential  area  characterized  I 
by  industrial  uses  closer  to  the  railroad  and  Route  128,  with 
office  and  retail  uses  along  or  just  behind  Highland  Avenue;  a 
few  residences  remain,  huddled  around  Highland  Circle.  Because 
of  the  lack  of  through  streets  and  the  historical  industrial 
development  of  the  area,   the  existing  uses  are  crowded  together, 
with  no  thought  to  setbacks  or  landscaping.     This,  as  well  as  the  % 
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Subarea  A  (Assessor ' 

s  maps  70,   76,   77,   78,   79,  94) 

Residential 

58  units  on  25.7  acres  =  2.3  units/acre 

Of f  ice 

148,832  square  feet 

Retail 

40,142  square  feet 

Manufacturing 

28,560  square  feet 

Subarea  B  (Assessor's  maDS  57.  58.  59.  60.   64  r  6S r  66 ,  *7     *a  7] 
72) 

Residential              457  units  on  157.9  acres  =  2.9  units/acre 

Office 

5,992  square  feet 

Retai 1 

Manufacturing 

Subarea  C   (Assessor's  maps  74.  75) 

Residential 

12  units  on  2.3  acres  =  5.2  units/acre 

Office 

168,521  square  feet 

Retai 1 

97,645  square  feet 

Manuf actur  i  ng 

221 ,809  square  feet 

Subarea  D  (Assessor's 

.  maps  73,  part  of  300) 

Res  ident ial 

43  units  on  8  acres  =  5.4  units/acre 

Office 

26,010  square  feet 

Retai 1 

49,086  square  feet 

Manufacturing 

52,880  square  feet 

Subarea  E  (Assessor's 

map  300) 

Res  ident ial 

Office 

525,321   square  feet 

Retai 1 

42,103  square  feet 

Manufacturing         2,112,348  square  feet 

Highland  Avenue/ 
Needham  Street 

HOUSING  UNITS  AND 

CTPS 

Traffic  Analysis 

NON-RESIDENTIAL  BUILDING  SPACE 

TABLE 

1-la 

August,  1986 

NEEDHAM  SUBAREAS 
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Subarea  F  (Assessor's  maps  51/28/5-8G,  51/49/6,  83/28/77-84, 
83/30/9-12,  83/31/25&26) 


Res  ident ial 
Office 
Retai 1 

Manufacturing 


77  units 

98,962  square  feet 
186,469  square  feet 
985,221  square  feet 


Subarea  G  (Assessor's  maps  51/28/11-30,  83/3/44-53,  83/11/14-23, 
83/12/1-8,   83/13/4-13,  83/28/1+2) 


Residential 
Office 
Retai 1 

Manufacturing 


50  units 

299,091  square  feet 

111,061  square  feet 

191,747  square  feet 


Subarea  H  (Assessor's  maps  83/36/4,   84/34/2A-2U,  84/341/1-8) 
Residential  419  units  on  32.5  acres  =  12.9  units/acre 

Office  839,913  square  feet 

Retail  5,753  square  feet 

Manufacturing  274,747  square  feet 


Highland  Avenue/ 

Needham  Street 
Traffic  Analysis 

HOUSING  UNITS  AND 
NON-RESIDENTIAL  BUILDING  SPACE 
NEWTON  SUBAREAS 
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small  size  of  the  parcels,  acts  as  a  hindrance  to  major  redevel- 
opment of  the  subarea. 

Subarea  D  is  also  characterized  by  a  mix  of  land  uses,  with 
residential  anchoring  the  Newton  border,   retail  and  office 
abutting  Highland  Avenue,  and  manufacturing  leading  into  the  New 
England  Industrial  Center.     This  is  where  Second  Avenue,  the 
principal  ingress/egress  of  the  industrial  park,   intersects  with 
Highland  Avenue. 

Subarea  E  is  the  New  England  Industrial  Center   (NEIC),  pre- 
dominantly industry-oriented  but  with  a  sizable  office  segment  as 
well.     It  is  this  development  which  has  made  industry  of  growing 
significance  to  the  economy  of  Needham.     The  NEIC  is  contained  by 
the  Charles  River  Reservation  to  the  south,   the  Charles  River  to 
the  east,  and  Route  128  to  the  west.     To  the  north,  however, 
Highland  Avenue  interrupts  the  natural  northward  extension  of  the 
industrial  area  to  the  railroad. 

The  automobile  orientation  of  Highland  Avenue  has  lent  itself 
to  the  development  of  the  corridor  first  as  a  commercial  strip, 
and  now  as  a  mixed  commercial  and  office  strip.     Subarea  C's 
smaller  service  establishments  north  of  Highland  Avenue  are  pre- 
sently experiencing  encroachment  from  office  buildings,  as  evi- 
denced by  the  Babcock-AAA  building.     These  factors  have 
contributed  to  the  present  state  of  flux,   which  will  no  doubt 
continue  until  market  pressures  ease.     The  NEIC  is  characterized 
by  a  large  number  of  manufacturing  and  distribution  centers. 
Minimal  building  setbacks  and  limited  off-street  parking,  as  well 
as  the  street  layout  within  the  Center,  combine  to  form  a  visual 
mo  r  a  s  s  . 

1.3.2  Newton 

Newton  has  been  divided  into  subarea  F  (both  sides  of  Needham 
Street  between  the  railroad  rights-of-way  to  the  north  and  south, 
from  the  Charles  River  to  the  railroad  right-of  way  west  of 
Jaconnet  Street)  ,   subarea  G  (both  sides  of  Needham  Street  between 
the  railroad  right-of-way  to  the  north  and  Winchester  Street  to 
the  south,   from  the  railroad  right-of-way  west  of  Jaconnet  Street 
to  Curtis  Street  on  the  east),  and  subarea  H  (the  Winchester 
Street  area  south  of  the  railroad  right-of-way,   including  the 
Wells  Avenue  at  Route  128  Office  Park,  west  to  the  Charles 
River)  . 

Subarea  F  contains  the  Newton  Industrial  Center  and  the  newer 
Marshall's  Shopping  Plaza.     Although  this  area  is  heavily 
manufacturing-oriented,   the  last  few  years  have  seen  more  office 
and  retail  growth,   resulting  in  a  link  between  the  commercial 
strip  in  Needham  and  that  in  subarea  G  to  the  east.     One-way  and 
dead-end  streets  off  Needham  Street  give  a  feeling  of  congestion 
and  crowding  to  the  Newton  Industrial  Center.     The  residential 
area  off  of  Oak  Street  is  hemmed  in  by  nonresidential  uses,  the 
railroad,  and  the  Charles  River. 
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Subarea  G  contains  a  more  balanced  mix  of  office,   retail,  and 
manufacturing  uses  than  subarea  F.     Without  a  confining  railroad 
right-of-way  to  the  south,   this  area  has  been  able  to  diversify, 
and  is  characterized  by  a  number  of  office  uses,   followed  by 
manufacturing  and  retail,   respectively.     An  ill-defined, 
congested  residential  area  serves  as  a  buffer  for  the  residences 
south  of  Winchester  Street,   in  effect  taking  the  place  of  the 
railroad  right-of-way  buffer  to  the  west. 

Subarea  H  is  effectively  two  districts:     a  large  residential 
area,  and  the  Wells  Avenue  at  Route  128  Office  Park.     The  resi- 
dential area  has  more  houses  per  acre  than  the  one  in  Needham, 
but  is  also  characterized  by  areas  of  open  space.     The  office 
park,  against  the  Charles  Ri ver/Needham  border,   is  a  well- 
planned,   sprawling  office  and  warehouse  area  providing  generous 
setbacks  and  off-street  parking.     It  presents  a  pleasant  work 
environment  and  an  attractive  location,  and  has  attained  nearly 
100-percent  occupancy. 
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2     PROJECTED  LAND-USE  DEVELOPMENTS 


By  the  year  1995,  the  land-use  characteristics  of  the 
Highland  Avenue/Needham  Street  corridor  will  have  changed.  The 
extent  and  nature  of  the  change  which  takes  place  will  depend  on 
several  factors: 

o  community  land-use  and  zoning  policies; 

o  market  forces; 

o  individual  land-owner  decisions;  and 

o  improvements  in  transportation  and  infrastructure. 

Each  of  these  factors  has  been  taken  into  consideration  in 
forming  a  basis  for  projecting  1995  study-area  land  use. 

2 . 1      COMMUNITY  LAND-USE  POLICY 

Recent  study  efforts  undertaken  by  both  Needham  and  Newton 
have  identified  general  and  specific  land-use  policies  which 
relate  to  the  corridor  study  area.     The  land-use  policy  of  the 
town  of  Needham  was  most  recently  discussed  in  a  document 
entitled,   Planning  Studies,   1983,  published  April  6,   1983  by  the 
Needham  Planning  Board. 

The  future  land-use  policy  expressed  by  the  Town  in  this 
report,  as  it  affects  the  study  area,   can  be  summarized  and 
restated  as  follows. 

o  Land  use  in  Needham  is  predominantly  residential,  both  in 
fact  and  by  policy  choice. 

o  Major  change  to  the  overall  land-use  pattern  is  neither 
likely  nor  desired. 

o  Any  major  expansion  of  non-residential  uses  will  require 
more  intensive  redevelopment  of  already-developed  areas. 

o  There  is  an  existing  policy  that  further  intensification 
in  industrial  areas  should  be  facilitated  only  upon 
demonstration  of  acceptable  impacts,  especially  on  traf- 
fic. The  Town  chooses  not  to  encourage  increases  in  the 
extent  of  industrial  areas,  so  more  intensive  use  is  the 
only  possible  alternative. 
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o  The  re-use  of  properties  along  Gould  Street  will  require 
careful  planning  to  balance  economic  development  and  resi- 
dential uses. 

The  City  of  Newton  studied  the  Needham  Street  corridor  land- 
use  issues  in  detail  more  recently,  with  the  assistance  of 
Lozano,  White  &  Associates.     The  findings  have  been  documented  in 
a  report  entitled,  The  Needham  Street  Corridor:     Proposals  for 
the  Future  (November-]   1984)  .     The  major  findings  and  policy 
recommendations  made  in  the  report  are  as  follows. 

o  The  extensive  warehouse  space  in  the  corridor  is  likely  to 
be  changed  to  higher-value  uses,  such  as  office  and  retail 
space . 

o  The  corridor  is  attractive  for  office-space  development, 
which  is  now  taking  place  on  Highland  Avenue  in  Needham. 

o  The  suitability  of  the  corridor  for  additional  retail  use 
is  evident  from  the  success  of  the  existing  stores  (e.g., 
Marshall's  Plaza). 

o  Traffic  conditions  are  poor  in  the  corridor,  with  no  firm 
plans  for  improvement.     Retail  stores,  which  thrive  on 
traffic,   may  be  more  attractive  to  developers  than  office 
bui ldi  ngs . 

o  Only  a  few  large  parcels  appear  prime  for  development  in 
the  near  future   (e.g.,   St.   Regis  and  New  England  Concrete 
Pipe).     Other,   larger  sites  have  been  locked  up  by  long- 
term  leases,  acquisitions  and  improvements.     Assembly  of 
smaller  parcels  is  costly  and  takes  time. 

o  Development  of  smaller  properties  is  likely,  both  for 
offices  and  retail. 

According  to  the  Lozano,  White  &  Associates  study,  development 
for  the  next  eight  to  ten  years  can  be  anticipated  as  follows: 

o  St.   Regis  property  -  access  to  Route  128  and  ample  size 
(17  acres)   make  the  site  a  natural  for  large-scale  office 
development.     At  least  680,000  square  feet  could  be  devel- 
oped here  under  existing  zoning,  with  at-grade  parking. 

o  New  England  Concrete  Pipe  property  -  ample  size  (8.5 
acres)  but  limited  frontage  suggests  such  uses  as  retail 
(shopping  center)  or  an  owner-developed  office  building. 
Some  370,000  square  feet  of  office  space  could  be  devel- 
oped here  with  at-grade  parking,  with  as  much  as  700,000 
square  feet  possible  with  a  parking  structure.  Alterna- 
tively, a  1 50 , 000-square-f oot  shopping  center  could  be 
bui It . 
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o  Smaller  parcels  -  projects  totalling  285,000  square  feet 
are  now  in  the  planned  or  rumored  stages. 

o  If  the  St.   Regis  and  the  New  England  Concrete  Pipe  proper- 
ties were  redeveloped,  and  other  planned  projects  went 
ahead,  a  total  of  at  least  1.3  million  square  feet  of 
office  space  could  be  constructed  in  the  corridor. 

2.2  MARKET  FORCES  AND  INFRASTRUCTURE  CONCERNS 

Since  1983,   the  Town  of  Needham  has  received  several  propo- 
sals from  developers  which,  when  totalled,  would  add  some  one 
million  square  feet  of  office  and  commercial  space  to  the  study 
area.     In  the  city  of  Newton,  small-parcel  projects  in  the 
Needham  Street  corridor  either  rumored  or  in  the  planning  stages 
total  some  285,000  additional  square  feet  of  active  use.  In 
addition  to  this,   if  the  St.   Regis  and  the  New  England  Concrete 
Pipe  properties  were  redeveloped,  at  least  one  million  square 
feet  of  new  office  space  could  be  constructed  in  the  corridor. 

In  Newton's  study  of  Needham  Street  corridor  land  use,  the 
point  is  made  that  existing  sewer-system  capacity  is  not  adequate 
for  this  amount  of  additional  development  and  that  this  will  be  a 
major  factor  in  the  amount  of  development  which  can  occur  in  the 
corridor  over  the  next  ten  years.     It  is  unclear  whether  similar 
problems  exist  in  Needham;  however,   sufficient  sewer  capacity  for 
this  level  of  development  can  be  provided  through  reconstruction 
of  the  Charles  River  interceptor.     No  schedule  has  as  yet  been 
set  for  this  replacement. 

2 . 3  1995   LAND  USE  PROJECTIONS 

On  the  basis  of  existing  land  use,  proposed  and  expected 
development  proposals,   local  policies,  and  an  assumed  continua- 
tion of  market  pressure  for  further  development  through  1995, 
land-use  forecasts  were  prepared  for  each  of  the  eight  study-area 
subdivisions.     These  forecasts  are  presented  in  Table  2-1  under 
the  general  land-use  headings  residential,  office,   retail,  and 
manufacturing.     Uses  which  do  not  fall  precisely  into  one  of 
these  categories  are  separately  categorized.     Dwelling-unit  addi- 
tions and  deletions  are  used  to  describe  changes  in  residential 
use,  while  square-footage  adjustments  define  the  anticipated 
developments  in  office,   retail  and  manufacturing  categories. 

The  anticipated  changes  forecast  for  subarea  A  in  Needham 
include  three  office-building  proposals  submitted  to  the  Town  as 
of  1984.     The  racquetball  building  is  expected  to  be  converted 
into  office  space  and  Muzi  Ford  is  expected  to  be  redeveloped 
into  offices  by  1995.     Red  Ball  manufacturing  is  also  expected  to 
be  converted  into  office  space.     The  addition  of  5,000  new  square 
feet  of  retail  space  is  anticipated. 

No  changes  are  anticipated  in  Needham' s  largely  residential 
and  nearly  fully  developed  subarea  B. 
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Subarea  A 

Existinc 

[  1983 

P  r o  i  ectec 

1995 

Res  ident  ial 

58  units 

58  units 

Office 

148,832 

sq . 

ft. 

604,832 

sq . 

ft. 

Retai 1 

40,142 

sq . 

ft. 

7,422 

sq . 

ft. 

Manuf actur i  ng 

28,560 

sq . 

ft . 

9,240 

sq. 

ft. 

Racquetball 

27,167 

ft 

Subarea  B 

Residential 

457  units 

457  units 

Office 

5  ,922 

sq . 

ft. 

5,922 

sq. 

ft. 

Retai 1 

0 

0 

Manufacturing 

0 

0 

Subarea  C 

Residential 

12  units 

0  units 

Office 

168,521 

sq. 

f  t . 

347,371 

sq . 

ft . 

Retai 1 

97,645 

sq . 

ft. 

100,145 

sq . 

ft. 

Manuf actur  i  ng 

221 ,809 

ft 

171 ,809 

ft 

Subarea  D 

Residential 

43  units 

43  units 

Of f  ice 

26,010 

sq . 

ft  . 

64,260 

sq . 

ft. 

Retai 1 

49,086 

sq. 

ft  . 

53 ,086 

sq . 

ft. 

Manuf actur  i  ng 

52,880 

sq . 

ft. 

52 ,880 

sq . 

ft. 

Subarea  E 

Res  idential 

0  units 

0  uni t s 

Office 

525,321 

sq . 

ft  . 

716,721 

sq . 

ft. 

Retai 1 

228,976 

sq . 

ft  . 

202,756 

sq. 

ft. 

Manuf actur  i  ng 

2,112,348 

sq . 

ft  . 

2,366,742 

sq . 

ft. 

Hotel 

43 ,100 

sq . 

ft  . 

86 , 200 

sq . 

ft. 

Needham  Summary 

Res  ident  ial 

570  units 

558  units 

Of f  ice 

874 ,606 

sq . 

ft. 

1  ,  739 , 106 

sq . 

ft. 

Retai 1 

415 ,849 

sq . 

ft  . 

363 ,409 

sq . 

ft . 

Manuf actur  i  ng 

2,415,597 

sq . 

f  t  . 

2  ,600  ,671 

sq . 

ft  . 

Racquetbal 1 

27,167 

sq . 

ft. 

0 

Hotel 

43  ,100 

sq . 

ft  . 

86 ,200 

sq . 

ft . 

Highland  Avenue/ 
Needham  Street 

_  .    Traf  f  i  r.   Ana  1  ysi  R 

LAND  USE  BY  SUBAREA, 
EXISTING  AND  PROJECTED 

CTPS 

TABLE 
2-la 

August,  1986 

-19- 


Subarea  F 


Existing  1983 


Projected  1995 


Res  ident ial 
Office 
Retai  1 

Manuf actur  i  ng 

Subarea  G 

Residential 
Office 
Retai 1 

Manufacturing 


77  units 

98,962  sq.  ft 

186,469  sq.  ft 

985,221  sq.  ft 


50  units 

299,091  sq.  ft 

111,061  sq.  ft 

191,747  sq.  ft 


77  units 

631,462  sq.  ft 

203,969  sq.  ft 

555,221  sq.  ft 


50  units 

520,591  sq.  ft 

202,756  sq.  ft 

264,647  sq.  ft 


Subarea  H 


Residential 
Office 
Retai 1 

Manufacturing 


402  units 
644,725 
5  ,753 
319,547 


Jewish  Community  Campus: 


Hous  i  ng 
Other 


99  units 
123  ,000 


sq .  ft 


514  units 

769,725  sq.  ft 

5,753  sq.  ft 

519,547  sq.  ft 


99  units 

145,000  sq.  ft 


Newton  Summary 

Residential  529  units  641  units 

Office  1,042,778  sq.  ft.  1,921,778  sq.  ft 

Retail  303,283  sq.  ft.  412,478  sq.  ft 

Manufacturing  1,496,515  sq.  ft.  1,339,415  sq.  ft 


Jewish  Community  Campus: 

Housing  99  units  99  units 

Other  123,000  sq.   ft.  145,000  sq.  ft. 


Study  Area  Totals 

Residential 
Office 
Retai 1 

Manufacturing 
Racquetbal 1 
Hotel 


1,099  units 

1,917,384  sq.  ft. 

719,132  sq.  ft. 

3,912,112  sq.  ft. 

27,167  sq.  ft. 

43,100  sq.  ft. 


1,199  units 

3,660,884  sq.  ft. 

775,887  sq.  ft. 

3,940,086  sq.  ft. 
0 

86,200  sq.  ft. 


Jewish  Community  Campus: 


Housing  99  units  99  units 

Other  123,000  sq.   ft.  145,000  sq.  ft. 


Highland  Avenue/ 

Needham  Street 
Traffic  Analysis 
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Subarea  C  is  expected  to  undergo  substantial  redevelopment 
by  1995.     The  twelve  residential  units  are  expected  to  be  redevel- 
oped as  offices  and  supporting  retail  establishments.     As  of 
1984,   the  Town  had  received  four  office-building  proposals  for 
the  area.     Several  small  manufacturing  and  retail  sites  are  also 
expected  to  be  reassembled  as  larger  parcels  suitable  for  office 
bui ldi  ngs . 

In  subarea  D,   no  change  is  anticipated  in  the  residential 
section  or  in  the  amount  of  manufacturing  uses  through  the  1995 
horizon  year.     Retail  use  will  be  increased  by  the  expansion  of 
Berijik  Olds  currently  underway.     Office  development  is  also 
expected  to  increase;   two  office-building  proposals  had  been 
received  by  the  Town  as  of  1984. 

In  subarea  E   (the  New  England  Industrial  Center),  while 
manufacturing  developments  are  expected  to  continue  in  the  fore- 
seeable future,   the  mix  of  use  will  change  as  office  buildings 
become  more  apparent  and  a  36 , 000-square-f oot  hotel  is  opened. 

In  Newton,   in  subarea  F,  present  proposals  under  con- 
sideration by  the  City  and  projects  already  underway  include  both 
expansion  and  new  construction  of  office  buildings  and  plans  for 
two  new  retail  establishments.     Conversion  of  the  Saint  Regis 
paper  plant  into  approximately  400,000  square  feet  of  office 
space  is  anticipated  by  1995. 

Subarea  G  is  currently  experiencing  new  demands  for  addi- 
tional office  space.     By  1995  the  New  England  Concrete  Pipe 
facility  is  expected  to  be  redeveloped  into  a  mixed-use  office- 
and-retail  complex.     Certain  other  small  manufacturing  sites  are 
also  expected  to  be  converted  into  retail  and  possibly  office 
developments.     The  residential  section  is  expected  to  be 
unchanged . 

In  subarea  H,  proposals  for  additional  residential  develop- 
ment are  presently  under  review  by  the  City.     The  remaining 
vacant  land  in  the  Wells  Avenue  at  Route  128  Office  Park  is  also 
expected  to  be  developed  by  1995  and  should  include  both  manufac- 
turing  (R&D)   and  office  buildings.     At  the  Jewish  Community 
Campus,  an  addition  of  as  much  as  25  percent  is  expected  by  1995. 

Overall,   the  pressure  for  continued  development  is  expected 
to  remain  high  within  the  study  area  through  the  1995  horizon 
year.     The  greatest  demand  will  be  for  new  office  space,  and  the 
recent  trend  toward  the  conversion  of  manufacturing  and  residen- 
tial uses  into  office  space  will  continue.     In  total,   more  than 
2,000,000  square  feet  of  new  commercial  and  industrial  develop- 
ment can  be  expected  by  1995  in  the  study  area. 
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Appendix  C 


Description  of  Content 

A  comprehensive  inventory  of  the  physical  and  functional 
characteristics  of  the  study  area  intersections  and  roadways  was 
prepared  and  is  presented  in  this  appendix.     Intersection  charac- 
teristics are  described  for  each  of  the  study  area  intersections 
on  Highland  Avenue,   Needham  Street,   Nahanton  Street  and  Kendrick 
Street.     The  data  for  each  is  presented  on  a  sheet  entitled 
Intersection  Appraisal  Form.     The  sheet  is  separated  into  three 
areas:     Identification,  Physical  Characteristics,   and  Performance 
Features.     The  first  page  of  the  appendix  is  a  blank  appraisal 
form  with  additional  descriptive  information  about  each  category. 

A  Road  Segment  Appraisal  Sheet  was  prepared  and  used  to 
identify  roadway  characteristics  in  the  study  area.     Study  area 
streets  were  divided  into  segments  with  roughly  equivalent  lane 
characteristics  for  each  of  the  pertinent  study  area  streets. 
The  form  used  for  listing  data  has  three  sections:  Identification, 
Section  Characteristics  and  Functional  Characteristics.     The  con- 
tent of  each  section  and  item  is  self-evident.     The  Road  Segment 
Appraisal  Forms  begin  on  page  C-29. 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.  Indentif i cat ion 
A-l  Municipality:  

2  Intersection:  

3  Route  Nos: 


4  Classification:  ^(SutL.'jj-^^  

5  Jurisdiction:  rPRp>nx,bl  li-h -f>r 
B .     Physical  Characteristics 


B-l  Physical  Features: 

a.  Sidewalks  <jW^  a 

b.  Curbing  abs^jor  b 

c.  Parking  Peak  c 

d.  Parking  Off 

Peak 


e.  Approach  Width 

Loi<dW\  db"tU-  IflAJL. 

f.  Eff.  Lane 

g.  Any  Exclusive 

Turn  Lanes  g 

h.  Bus  Stops    ^j^LhUL. n 


Approach  # 

1 

2 

3 

4 

C.  Performance  Features: 

C-l  Approach  Vol.  units 

%  %  Pedest. 

Trucks  Buses    per  hr . 

lMmh**\>       fztrvfay  pernio*  (XcksircJ^ 

2    chicks       rtfacij  rij^to  pshtur 

3        

4 


C-2  Int.  Level  of  Service: 

Peak  

Off-peak   


Schematic 


B-2 


N 


> 
T3 
*0 
H 
O 
0> 
O 


Approach  1 


> 

o 
P) 
o 


Approach  3 


B-3  Traffic  Control  Device: 
Approach  # 

1.   

2.   

3.   

4. 


Comments : 


/4dU.-hortJ  Com/Hints 


C-3    Accident  History 

a.  Time  Period  

b.  #  of  accidents: 


c.  Accident  rate/lM  approach 
vehicles 


C-3 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indent if  i cat ion 

A-l  Municipality;  NeWTo/J 


2  Intersection;  /s/a\WJT^K/  «Sr  &NA/eJ/s 

3  Route  Nos;  \J/a  

4  Classification;  UMA      "  Loc^\ 


5  Jurisdiction;  C  1"N  ~  Uisxsec.x'nc.'b 
B.     Physical  Characteristics 


3-1  Physical  Features; 

a.  Sidewalks 

b.  Curbing 

c.  Parking  Peak 

d.  Parking  Off 

Peak 

e.  Approach  Width 

f.  Eff.  Lane 

g.  Any  Exclusive 

Turn  Lanes 

h.  Bus  Stops 


a 
b 
c 
d 
e 
f 

g 

h 


Approach  # 

1 

2 

3 

4 

>■/* 

L/B. 

L|r 

IV 

i 

i 

i 

i 

C.  Performance  Features; 


C-l  Approach  Vol.  units  - 


1  /3¥ 

2  6p3€> 

3  ^ro8 

4  7/0 


% 

Trucks 

Buses 

Pedest. 
per  hr . 

0.0 

o 

h/A 

C.<f7 

O 

0 

//A 

0 

A/A 

C-2  Int.  Level  of  Service; 

Peak  Fm;  uffjWs  ^a^3 


F 

A 
£_ 

F 
6 

r 


Off-peak    AW.  u£+  fur  a! 

HiD.  Left  +jr**  -from  A 


Schematic 


B-2 


N 


> 
O 


Approac 

X 


8 

5T 


h  1. 

> 

n 
o 
PI 

  o 


4" 


Approach  3 


B-3  Traffic  Control  Device; 
Approach  # 


1. 
2. 
3. 
4. 


Comments 


C-3  Accident  History 
a.  Time  Period 


b.  #  of  accidents; 


MA 


c.  Accident  rate/lM  approach 
vehicles 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.  Indent if  i cat ion 

A-l  Municipality;      t\f£- <r  t  <A  

2  Intersection;  (5>~T\\\rA  Avg. 

3  Route  Nos;  fij  

4  Classification;   UMA  ~  LoCAU 

5  Jurisdiction;    ~~TQUJfJ   -  TduutJ 

B.  Physical  Characteristics 


Approach 

# 

1 

Physical  Features 

• 

1 

2 

3 

4 

a . 

Sidewalks 

a 

•4 

R 

b. 

Curbing 

b 

c. 

Parking  Peak 

c 

-to 

d. 

Parking  Off 
Peak 

d 

l/r 

e . 

Approach  Width 

e 

itf 

f . 

Eff.  Lane 

f 

i 

I 

/ 

g- 

Any  Exclusive 
Turn  Lanes 

g 

h. 

Bus  Stops 

h 

C.  Performance 

Features ; 

C-l  Approach  Vol.  units  - 


VFD  CVO/83V 


% 


Pedest . 


Trucks    Buses     per  hr . 


3.  3f 

//A 

0.86 

//A 

0.09 

C-2  Int.  Level  of  Service; 

Peak  ?M     Le  A  -furns  fa-nH  A 
Off-peak    AH    Ugfl  4^  &a^*f  a 


Schematic 


B-2 


Nf 

Approach 

1 

Apprc 

t* 

Approac] 

pi 
o 

sr  - 

-£* 

Approach 

3 

B-3  Traffic  Control  Device; 
Approach  # 

1.   

2.   

3.   

4. 


Comments 


C-3     Accident  History 

a.  Time  Period  t?  -  ffijj 

b.  #  of  accidents;  l&L 


c.  Accident  rate/lM  approach 
vehicles  ^ 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indentif ication 


A-l  Municipality;  Me£tu\*\»/\ 


2  Intersection;  Ker\JriCKS+  &  Fouffk Avgt 

3  Route  Nos;  K>M  

4  Classification:  **  U5<ZAL 


5  Jurisdiction:    To^yJ    -  Tftui/W 


B .     Physical  Characteristics 


Approach 

# 

1 

Physical  Features 

• 
« 

1 

2 

3 

4 

a . 

Sidewalks 

a 

R 

U 

R 

b. 

Curbing 

b 

L 

R 

c. 

Parking  Peak 

c 

d. 

Parking  Off 
Peak 

d 

e. 

Approach  Width 

e 

*t 

f . 

Eff.  Lane 

f 

{ 

i 

/ 

g- 

Any  Exclusive 
Turn  Lanes 

g 

h. 

Bus  Stops 

h 

C.  Performance  Features: 

C-l  Approach  Vol.  units  - 

VPL  (10/83)  %  Pedes t. 

(PMfte**  T/S'f')    Trucks    Buses  per  hr. 


2  Way  o.e& 

3_    

4  f W V97 


0 


C-2  Int.  Level  of  Service: 

PeakfM  1  A 

Off-peak  AM  ;  U^-h  jw^f  A 
Utts  •  Lefts  "few** I  D 
1  Le£H  W*^  A 


Schematic 


B-2 


N  T     Approach  1 

i 


>  t 
*a  © 

o   

pi 
o 

tr  — — 


4 


  O 

  7 


Approach  3 


B-3  Traffic  Control  Device: 
Approach  # 

1.   hJ&sl£-  

2.   

3.   

4. 


Comments : 


C-3    Accident  History 

a.  Time  Period    /9?l  -  frf3 

b.  #  of  accidents:      /  jp 


c.  Accident  rate/lM  approach 
vehicles  ~/ 


C-7 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.  Indent if  i cat ion 

A-l  Municipality;  K/E-£DHA.M  

2  Intersection;  ^g/Jpa'vMlar  SLf4*flIfc&Sl 

3  Route  Nos;  kl /A  

4  Classification;    Qh\k     -  UtyA 

5  Jurisdiction;    TP         ~  Tbc^^1 

B.  Physical  Characteristics 


B-l  Physical  Features; 

a.  Sidewalks 

b.  Curbing 

c.  Parking  Peak 

d.  Parking  Off 

Peak 

e.  Approach  Width 

f.  Eff.  Lane 

g.  Any  Exclusive 

Turn  Lanes 


h.  Bus  Stops 


a 
b 
c 
d 
e 
f 

g 

h 


Approach  # 

1 

2 

3 

4 

K 

L 

L 

R 

Ms 

% 

1*. 

lk 

'  i 
"iX. 

1  « 

1 

\ 

C.  Performance  Features; 


C-l  Approach  Vol.  units  - 
VPD  (10/63)/     ,  % 
VPH  (PM^<1/8Y)  Trucks 


Pedest . 
Buses     per  hr. 


g/?37      C</3  O 


2  -R>ltll&4 

3  /  (2k  Qi£L 


4  d&sa/  /g£    /.QQ       o  a/A 

C-2  Int.  Level  of  Service; 

peak  /7^:  B  \//<s* 

Off-peak    A  M  I   E.        V/C  '  .43 


Mil) :  A  fc-* 


Schematic 


B-2 


Approach  1 


B-3  Traffic  Control  Device 
Approach  # 

1-  /AcKxcW.  Slfeat&L 

2  .  Afdbj^Ss      LQ  bi£  L. 

3.  AcW«i  S 

4. 


Comments ; 


C-3    Accident  History 

a.  Time  Period 

b.  #  of  accidents  :\j*d£{&f r*\r\ zA 


c.  Accident  rate/lM  approach 
vehicles 


C-8 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indentif ication 


A-l  Municipality: 


Schematic 


hi 


B-2 


2  Intersection;  kandf  io<34.  &  &c<^n<ia.W  Ave,.  _ 

3  Route  Nos: 

4  Classification: 

5  Jurisdiction:    -TbvJNj    ~  "7^>^JnJ 
B .     Physical  Characteristics 


Approach 

# 

1 

Physical  Features 

• 

1 

2 

3 

4 

a . 

Sidewalks 

a 

b. 

Curbing 

b 

mm 

c. 

Parking  Peak 

c 

M* 

d. 

Parking  Off 
Peak 

d 

e. 

Approach  Width 

e 

iV 

15' 

f . 

Eff.  Lane 

f 

/ 

/ 

t 

g- 

Any  Exclusive 
Turn  Lanes 

g 

h. 

Bus  Stops 

h 

C.  Performance  Features: 


C-l  Approach  Vol.  units  - 


v/pd  (lofesy 


% 


Pedest . 


Trucks     Buses     per  hr . 


C-2  Int.  Level  of  Service: 
Peak  rM  ;  ufr 
Off-peak     AM  j  Left  4ofq  A 


N  t     Approach  1 


> 

0 
O 


Approach  3 


B-3  Traffic  Control  Device: 
Approach  # 

1.  Flaahtrw  y^l/oo  *B)w«Xxc 

2.  Floalu^  V^llou*  "Bltov^r- 

3.  cST^  S'fr*f  

4.   

Comments : 


C-3    Accident  History 

a.  Time  Period 

b.  #  of  accidents: 


c.  Accident  rate/lM  approach 
vehicles 


C-9 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indent if  i cat ion 

A-l  Municipality;  NlEktm^M  

2  Intersection:  niCrMuAij^ 

3  Route  Nos  :  N  


4  Classification:  OP/4 


5  Jurisdiction:  M,t)"p\AJ  —  *To^M 
B.     Physical  Characteristics 


Approach 

# 

1 

Physical  Features 

• 

1 

2 

3 

4 

a . 

Sidewalks 

a 

b. 

Curbing 

b 

L 

J? 

L/* 

c . 

Parking  Peak 

c 

d. 

Parking  Off 
Peak 

d 

e . 

Approach  Width 

e 

Ad 

/</ 

f . 

Eff.  Lane 

f 

I 

i 

1 

g- 

Any  Exclusive 
Turn  Lanes 

g 

h. 

Bus  Stops 

h 

C.  Performance  Features: 


C-l  Approach  Vol.  units  - 
VPH  (Ptt  P<  10/84 


3S 


3Q3 


% 

Trucks 

Buses 

Pedest . 
per  hr. 

0.43 

O 

A/A 

/76 

VA 

<9 

A/A 

0 

A/A 

C-2  Int.  Level  of  Service: 

Peak?M>  V  V/C--  ,71 

Off-peak  AhA  '.  A        V/k  -  ,V5 


MID  \  A 


iz 


C-10 


Schematic 


B-2 


N* 


> 

H 
0 

o 


Apprqach,  1 

f 


4- 


•4-  "8 

0 
P> 
O 


i 

Approach  3  £ 


to 


B-3  Traffic 

Control 

Device : 

Approach  # 

2.  £e-rni 

3. 

4 .    Scm  i 

S  I   

Comments : 

».4  pa,*.  •* 


C-3    Accident  History 

a.  Time  Period  I'HS 

b.  #  of  accidents: 


c.  Accident  rate/lM  approach 
vehicles  , 

//3   


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.  Indent i  ficat ion 

A-l  Municipality;  AkcpH*^  

2  Intersection;  H\M\AHt>Ak.Ci_(k-Ji$J  ]  ti*nu+&A. 

3  Route  Nos;  hfjfr  

4  Classification;  0f>A  -  UMA-UM* 

5  Jurisdiction; 

B .  Physical  Characteristics 


Schematic 


B-2 


Approach 

# 

1 

Physical  Features 

• 

1 

2 

3 

4 

a . 

Sidewalks 

a 

Ik 

b. 

Curbing 

b 

c. 

Parking  Peak 

c 

d. 

Parking  Off 
Peak 

d 

e . 

Approach  Width 

e 

3f 

lie' 

34' 

f . 

Eff.  Lane 

f 

A 

\ 

g- 

Any  Exclusive 
Turn  Lanes 

g 

U 

L 

h. 

Bus  Stops 

h 

C.  Performance  Features; 


(/o/83)/ 

(pm  p»c  <Va*) 

% 

Trucks 

Buses 
O 

Pedest . 
per  hr. 

a/a 

G 

A/A 

'Y7 

C 

//A 

4  f3fW^aa 

o 

HA 

C-2  Int.  Level  of  Service; 

Peak  PM      D  V/6 


Off-peak     AM  :    C      V/d  ;  . 


Approach  lf^ 


> 


T3 


sT2 


Approach  3 


o 

_  tr 
_  to 


n 


B-3  Traffic  Control  Device; 
Approach  # 


1. 
2. 
3. 
4. 


r 


4-r. 


!£..;>  J/-  _ . 


Comments ; 


C-3    Accident  History 

a.  Time  Period  -    1*1 t  3 


b.  #  of  accidents;      ^  ~J 


c.  Accident  rate/lM  approach 
vehicles 


C-ll 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indentif  i cation 

A-l  Municipality;     M E: e.fr kn/\  

2  Intersection;  fjjfagHLgv&jWz  £L  Pl^STT 

3  Route  Nos; 

4  Classification;    OPA     -  LocAU 


5  Jurisdiction;  MDP^'  "_  TV"^*^ 
B .     Physical  Characteristics 


B-l  Physical  Features: 

a.  Sidewalks 

b.  Curbing 

c.  Parking  Peak 

d.  Parking  Off 

Peak 

e.  Approach  Width 

f.  Eff.  Lane 

g.  Any  Exclusive 

Turn  Lanes 

h.  Bus  Stops 


a 
b 
c 
d 
e 
f 

g 

h 


Approach  # 

1 

2 

3 

4 

As 

</* 

L/K 

ft 

#f 

af 

1 

C.  Performance  Features; 

C-l  Approach  Vol.  units  - 

VPD  (\Oj&d/  %  Pedest. 

VPH  (PMPK^/S^)      Trucks     Buses     per  hr . 


1 

2      dEr/«aA38  MA 

0 

vT 

3  2fIW  0.0 

0 

7 

o 

a/A 

Int.  Level  of  Service; 

Peak   PM  : 

Off-peak     AM  ' 

n/o  left  +or^vi 

Schematic 


B-2 


N  t      Approach  1 


o  -T^.  _i  

cu  — 

o   _ 

rr 


r 


■n 

Approach  3 


o 
pi 
o 
tr 


B-3  Traffic  Control  Device: 
Approach  # 

1.   

2.  _ 

3.   

4. 


Comments : 


C-3     Accident  History 

a.  Time  Period  |jcj3 


b 
c 


#  of  accidents: 


Accident  rate/lM  approach 
vehicles 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 


INTERSECTION  APPRAISAL  FORM 


A.     Indentif i cat ion 

A-l  Municipality;  ^^g^jAAM   B-2 

2  Intersection: &ChiA>£>  Av£-  (^Wcx*^ -St. 

3  Route  Nos : 

4  Classification:    O?^     -  UQLAU 


Schematic 


5  Jurisdiction:  Ml>Pv^  "  QQQ£±hi 
B .     Physical  Characteristics 


B-l  Physical  Features: 

a.  Sidewalks 

b.  Curbing 

c.  Parking  Peak 

d.  Parking  Off 

Peak 

e.  Approach  Width 

f.  Eff.  Lane 

g.  Any  Exclusive 

Turn  Lanes 

h.  Bus  Stops 


a 
b 
c 
d 
e 
f 

g 

h 


Approach  # 

1 

2 

3 

4 

i  Ik 

37' 

/ 

C.  Performance  Features: 


.C-l  Approach  Vol.  units 
VPH(PH  PK-Ve^ 

3 


Trucks 


Pedest . 
Buses     per  hr. 

O  NA 


a/A 


//a 


f 1 


C-2  Int.  Level  of  Service: 

Peak         Vejj  &gm*  V  £ 

Off-peak         i  LeCV  feggjfejj  g. 

iypnv  Lfc***         /  f 


Nf 

Approach 

1 

Appr 

X 

Appr 

oac 

_ 

oac 

P" 

Approach 

3 

B-3  Traffic  Control  Device 
Approach  # 

2.  Klo/Js 

3.   

4. 


Comments : 

Violate:  ffc&MMii    "VlAV   "    >-J0  o4W^ 


C-3    Accident  History 

a.  Time  Period  /ft 7-  ggg 


b.  #  of  accidents: 


-7<* 


c.  Accident  rate/lM  approach 
vehicles  ,  . 


C-13 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indentif i cation 

A-l  Municipality;  A/gg-^HAM 


2  Intersection;  til&lAJb  A^E.  @L,Qf-k& 

3  Route  Nos ;  u/k  


4  Classification;  CPA    ~  LocAU 

5  Jurisdiction;  A^fcW  "  To^Af 
B.     Physical  Characteristics 


B-l  Physical  Features; 

a.  Sidewalks 

b.  Curbing 

c.  Parking  Peak 

d.  Parking  Off 

Peak 

e.  Approach  Width 


f.  Eff.  Lane 

g.  Any  Exclusive 

Turn  Lanes 

h.  Bus  Stops 


a 
b 
c 
d 
e 
f 

g 

h 


Approach  # 

1 

2 

3 

4 

*k 

It.' 

^' 

i 

oi 

C.  Performance  Features; 


C-l  Approach  Vol.  units  - 
MW>   (Oei  l83^ 


Pedest . 

Trucks     Buses     per  hr. 


Schematic 


B-2 


Nt     Approach  1 


T3 

o 

o 


A 


Approach  3 


> 

h 
O 

Q) 
O 
D* 

to 


B-3  Traffic  Control  Device; 
Approach  # 

1.   

2.   

3.   

4. 


Comments ; 


2  Ifrflap 


3  /,c35e>+ 

 1 —  J 


C-2  Int.  Level  of  Service; 
Peak  AlA 
Off-peak 


MA 


A/A 

A/  A 

Ma 

a/a 

A/A 

Ma 

MA 

//A 

C-3  Accident  History 
a.  Time  Period 


b.  #  of  accidents; 


// 


c.  Accident  rate/lM  approach 
vehicles  ^ 

 .i3P 


C-14 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indent if i cat ion 

A-l  Municipality;  A/g-£Dn*H  

2  Intersection;  Hi <Hi'LsWb  Ave.  cSic^fr  A\/fc-> 

3  Route  Nos;  hi  /A  

4  Classification;   OPA     m  k&£AL 


5  Jurisdiction;     M^Pul     "  ~T*e*M*J 


B .     Physical  Characteristics 


Approach 

# 

1 

Physical  Features 

• 
• 

1 

2 

3 

4 

a. 

Sidewalks 

a 

R 

b. 

Curbing 

b 

4* 

c. 

Parking  Peak 

c 

d. 

Parking  Off 
Peak 

d 

e. 

Approach  Width 

e 

M' 

f . 

Eff.  Lane 

f 

i 

a 

g- 

Any  Exclusive 
Turn  Lanes 

g 

R 

h. 

Bus  Stops 

h 

C.  Performance 

Features ; 

C-l  Approach  Vol.  units  - 
NJPD  (  /0/&3)/  %  Pedest. 

Vprt  (OPH fk.  <?/f# J  Trucks     Buses     per  hr. 

1 


2  l3,3Rj//Q7/ 

3  117^1 9  SS  & 

4  ^33^976      3.38   5_ 

C-2  Int.  Level  of  Service; 

Peak  PH  :  F  N^f 
Off-peak    /M;  (2      V/C  =  tT7 


6» 


Schematic 


B-2 


N  t      Approach  1 


> . 

•o  -  -  - 
*"J  == 
o  — > 

o  - 


a 
S 

a 

y 


-  > 

-  T3 

-  »-l 
~  O 

-  0> 

-  o 
ro 


Approach  3 


B-3  Traffic  Control  Device; 


Approach  # 

1. 

2. 

3. 

4. 

^ 1  c-r^-.i- 

Comments ; 


C-3    Accident  History 

a.  Time  Period      [jjl:  [j| 


b.  #  of  accidents 


c.  Accident  rate/lM  approach 
vehicles 

 £^&2  


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.  Indent if i cat ion 

A-l  Municipality;    Mr.r-^  H    B-2 

2  Intersection ;fu,vfLA'^  At  .-^'A;  Gift^t. 

3  Route  Nos:  

4  Classification:  CPA   ~  LoC^U 

5  Jurisdiction;    MlD^v/  Z  \JHA<rz°zr& 

B .  Physical  Characteristics 


Schematic 


Approach 

# 

1 

Physical  Features 

• 

1 

2 

3 

4 

a . 

Sidewalks 

a 

b. 

Curbing 

b 

c . 

Parking  Peak 

c 

d. 

Parking  Off 
Peak 

d 

*M 

e . 

Approach  Width 

e 

n' 

«' 

f . 

Eff.  Lane 

f 

1 

i 

/ 

g- 

Any  Exclusive 
Turn  Lanes 

g 

h. 

Bus  Stops 

h 

C.  Performance 

Features : 

C-l  Approach  Vol.  units 
V/Pfc  (Oct  % 


Pedest . 
Trucks     Buses     per  hr. 


1  Lgg* 
2 
3 


NA 

HA 

ISIA 

HA 

C-2  Int.  Level  of  Service: 
Peak  MA 
Off-peak 


N  t 

Approach 

l 

ApproacI 

J. 

> 

Irl 
»-l 

O 

*j  • 

D* 
to 

Approach 

3 

B-3  Traffic  Control  Device 
Approach  # 


1. 
2. 
3. 
4. 


Comments : 


C-3    Accident  History 

a.  Time  Period  /'K^ 

b.  #  of  accidents:  6=»  


c.  Accident  rate/lM  approach 
vehicles 


C-16 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indent if i cat ion 

A-l  Municipality;  N^cfrHAbA 


Schematic 


B-2 


3  Route  Nos:  A///4 

4  Classification:  &Pfi 

■  Loca 

5  Jurisdiction:  MPP'a/ 

Physical  Characteristics 

* 

Approach 

# 

B- 

-1  Physical  Features: 

1 

2 

3 

4 

a.  Sidewalks  a 

- 

b.  Curbing  b 

c.  Parking  Peak  c 

— 

d.  Parking  Off 

Peak  d 

0 

e.  Approach  Width  e 

iV 

13' 

f.  Eff.  Lane  f 

I 

I 

i 

g.  Any  Exclusive 

Turn  Lanes  9 

0 

h.  Bus  Stops  h 

C.  Performance  Features: 

C-l  Approach  Vol.  units 
VPDO/83)  % 

»'  Trucks 
1 

Buses 

Pedest . 
per  hr. 

2  J3,6"50  MA 

NlA 

N/A 

D> 

3  KA 

MA 

NA 

4  /3,5"6"0  MA 

C 

-2  Int.  Level  of  Service: 

Peak  SJA 

Off-peak 

N  t     Approach  1 

f4ltt&A>ss>  Ave.. 


> 

•-i  - 
o 

o 

5* 


T   >  - 


r 


no 

o 

o 
tr 

to 


Approach  3 


B-3  Traffic  Control  Device: 
Approach  # 
1. 


2. 
3. 
4. 


Comments : 


C-3     Accident  History 

a.  Time  Period 

b.  #  of  accidents: 


-  / 


c.  Accident  rate/lM  approach 
vehicles 

.  13 


C-17 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indentif ication 


A-l  Municipality :_ 

2  Intersection:  f/ifrtiumN'b VW  <52jW*2Stt>^ 


3  Route  Nos: 


A7/> 


4  Classification:     &PA  -  iLoc-AU 

5  Jurisdiction: 

B .     Physical  Characteristics 


B-l  Physical  Features: 

a.  Sidewalks 

b.  Curbing 

c.  Parking  Peak 

d.  Parking  Off 

Peak 

e.  Approach  Width 

f.  Eff.  Lane 

g.  Any  Exclusive 

Turn  Lanes 

h.  Bus  Stops 


a 
b 
c 
d 
e 
f 

g 

h 


Approach  # 

1 

2 

3 

4 

Ik 

K 

R 

fC 

\X 

ft' 

i 

1 

1 

C.  Performance  Features: 

C-l  Approach  Vol.  units  - 
VPS  ( 10/83^  % 


Pedest . 


Trucks 

Buses 

per  hr. 

I3SSC 

a/a 

hlA 

MA 

MA 

NA 

MA 

a/a 

C-2  Int.  Level  of  Service: 
Peak  K/A 
Off-peak        Si  A  


C-18 


Schematic 


B-2 


N  t     Approach  1 


> 


P-Si > 


O 


6*3 


r 


Y 


as  h 

o 

 0» 

o 


Approach  3 


B-3  Traffic  Control  Device: 
Approach  # 

1.   

2.   

3.   

4. 


Comments : 


C-3  Accident  History 
a.  Time  Period  ft%\m 


b.  #  of  accidents: 


c.  Accident  rate/lM  approach 
vehicles 
 tl—L  


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indent if i cation 

A-l  Municipality;  Av/^WT^x/ 


Schematic 


B-2 


2  Intersection :KEfcSriAM  Sfl'0CMeaTi**rSr\&**^r' 

3  Route  Nos ;  N/A  

4  Classification;  flPA-  -  Cnllca^a, 

5  Jurisdiction;  MfrPvJ  -   ^ffM  "  Cfty 
B .     Physical  Characteristics 


Approach 

# 

B-l  Physical  Features; 

1 

2 

3 

4 

a.  Sidewalks 

a 

b.  Curbing 

b 

c.  Parking  Peak 

c 

L. 

R 

d.  Parking  Off 
Peak 

d 

U 

e.  Approach  Width 

e 

/7' 

A3' 

f.  Eff.  Lane 

f 

1 

1 

1 

g.  Any  Exclusive 
Turn  Lanes 

g 

h.  Bus  Stops 

h 

C.  Performance  Features: 

C-l  Approach  Vol.  units 
VPD  C  v6/83i/    x  % 

VPH  (fMPeo*  VaVJ  Trucks 

Buses 

Pedest . 
per  hr. 

0 

HA 

o 

3lj7S/  <20<*  0.^1 

0 

4  13tSSb//00(,  *.SL<\ 

o 

A/A 

C-2  Int.  Level  of  Service; 

U^W*H  F 

Peak  rlj,  Ufj  •Cr^.-tfcs  f 
Off-peak    AH  i  UE*  ^  *y  f 


t  N    O  Approach  1 


> 


1 


=====  o 

01 

__  o 


Approach  3 


i 


B-3  Traffic  Control  Device: 
Approach  # 

1.   

2.   

3.   

4. 


Comments : 


-  t%AJo  P, 


C-3    Accident  History 

a.  Time  Period    fjWj  Lfcjj 


b.  #  of  accidents: 


c.  Accident  rate/lM  approach 
vehicles        ^  ^ 


C-19 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indentif  i cat ion 

A-l  Municipality;  ^cul/tpm 


Schematic 


B-2 


2  Intersection:  |/gt^'»H  Sr  &  AfAg^Ai/lTfo 

3  Route  Nos:  A//^  

4  Classification:  OVA 


5  Jurisdiction: 
B.     Physical  Characteristics 


Approach 

« 

1 

Physical  Features 

• 
• 

1 

2 

3 

4 

a . 

Sidewalks 

a 

R 

L 

b. 

Curbing 

b 

LA 

-k 

L  f 
IX 

c. 

Parking  Peak 

c 

d. 

Parking  Off 
Peak 

d 

e . 

Approach  Width 

e 

«' 

AS1 

f . 

Eff.  Lane 

f 

g- 

Any  Exclusive 
Turn  Lanes 

g 

h. 

Bus  Stops 

h 

C.  Performance  Features: 

C-l  Approach  Vol.  units  -v 

% 


Pedest . 
Trucks     Buses     per  hr. 


i  n!a 

NA 

AM 

a/A 

2  /Y.o^^T 

NA 

A/A 

NA 

3 

4  J^ozS 

MA 

NA 

NlA 

Int.  Level  of 

Service 

• 
• 

Peak 

Off-peak 

N  t    Approach  1 

Par<imo  Lot 

^  ^3 


no 


9  2-, 


Approach  3 


o 

to 


B-3  Traffic  Control  Device: 
Approach  # 

1 .      ^rgfr  S>\ci^  

2. 

3.   

4.  h$5  Oi 
Comments : 


C-3    Accident  History 

a.  Time  Period     ftfri  •  1^3 

b.  #  of  accidents :__^_4__ 


c.  Accident  rate/lM  approach 
vehicles 


C-20 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indent if i cat ion 

A-l  Municipality;    A/EvJttw/   B-2 

2  Intersection ;  Mg^ham«Sh  @  Charlcmonl'^V 

3  Route  Nos:  K/ /A  

4  Classification:  "  ^oc^\ 


Schematic 


5  Jurisdiction;  MtTf^ 


B.     Physical  Characteristics 


Approach 

# 

1 

Physical  Features 

• 

1 

2 

3 

4 

a . 

Sidewalks 

a 

L/R 

b. 

Curbing 

b 

c. 

Parking  Peak 

c 

L 

d. 

Parking  Off 
Peak 

d 

L. 

e . 

Approach  Width 

e 

15' 

f . 

Eff.  Lane 

f 

I 

g- 

Any  Exclusive 
Turn  Lanes 

g 

h. 

Bus  Stops 

h 

C.  Performance  Features: 

C-l  Approach  Vol . 

n/Pd  Cio/eii 

1 

units  - 
% 

Trucks 

Buses 

Pedest 
per  hr 

AM 

MA 

fJA 

3  /*H 

/slA 

MA 

MA 

4  H^qS 

N  At 

AM 

C-2  Int.  Level  of 
Peak 

Service 

A/A 

• 
• 

Off-peak 

a/a 

E-s"h  used         c^a^i^  C-21 


N  4 

Approach 

1 

Appro 

Appro 

ach  4 

Y 

(a  ?: 
o 

ach  2 

Approach 

3  5« 

B-3  Traffic  Control  Device 
Approach  # 

1.   

2.   

3.   

4. 


Comments : 


C-3    Accident  History 

a.  Time  Period  l^&l- 

b.  #  of  accidents:  /<j 


c.  Accident  rate/lM  approach 
vehicles 

 ^  


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indent if i cat ion 

A-l  Municipality;      As/EE  vJfb  kJ 


Schematic 


B-2 


2  Intersection;  Nleepf*^  S+g&WbftlC  i  BaH^fUy  f-kflf 

3  Route  Nos:  


4  Classification;  QPA 


5  Jurisdiction;  Afpp^  "  "PfoWfr 
B .     Physical  Characteristics 


Approach 

# 

1 

Physical  Features 

• 

1 

2 

3 

4 

a . 

Sidewalks 

a 

u 

b. 

Curbing 

b 

LA 

c. 

Parking  Peak 

c 

d. 

Parking  Off 
Peak 

d 

e . 

Approach  Width 

e 

10' 

n' 

f . 

Eff.  Lane 

f 

1 

1 

i 

g. 

Any  Exclusive 
Turn  Lanes 

g 

h. 

Bus  Stops 

h 

C.  Performance 

Features : 

C-l  Approach  Vol.  units  - 

VPD  (\of&&  % 


Pedest . 
Trucks     Buses    per  hr . 


MA. 


MA 


2  f/j^r 

3  

4  WAZS 


ft/A 


n/A 


C-2  Int.  Level  of  Service; 

Peak_  NIA 
Off-peak 


Nt-     Approach  1 


> 

O 


^  > 

o 


8-  ^ 


Approach  3 


o 


B-3  Traffic  Control  Device; 
Approach  # 

1.  hl^sJg.  

2. 
3. 
4. 


Comments ; 


C-3    Accident  History 

a.  Time  Period 

b.  #  of  accidents;   <Q  3  


c.  Accident  rate/lM  approach 
vehicles 


C-22 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indentif ication 


Schematic 


A-l  Municipality;      ^fcjATP^Jj   B-2 

2  Intersection:  /7ggbtfA^ST" <^tLuLuJT^*(~~r\« 

3  Route  Nos:  A//4"  


4  Classification:  OP  A 


5  Jurisdiction:     fJ[  frPV/J 


B .  Physical  Characteristics 
B-l  Physical  Features: 


a.  Sidewalks 

b.  Curbing 

c.  Parking  Peak 

d.  Parking  Off 

Peak 

e.  Approach  Width 

f.  Eff.  Lane 

g.  Any  Exclusive 

Turn  Lanes 

h.  Bus  Stops 


a 
b 
c 
d 
e 
f 

g 

h 


Approach  # 

1 

2 

3 

4 

L(fL 

HX 

Up. 

It 

it' 

/r 

f 

1 

i 

C.  Performance  Features: 


C-l  Approach  Vol.  units  - 

%  Pedest. 
Trucks    Buses    per  hr. 


1 


2  HfOtt 

KA 

Ma 

3 

MA 

MA 

4  tit^ 

Ma 

Int.  Level  of 

Service: 

Peak 

Off-peak 

MA 

N  t      Approach  1 


> 

*o 
n 
o 

0» 
O 


Vggfc^M  St.  > 
to 

■  o 


Approach  3  r 


P  6 


B-3  Traffic  Control  Device: 
Approach  # 

1.   

2.  fiJo^Z-  

3.   

4. 


Comments : 


4rv^U.  pc^t.  dr(«-u)«j-ji  abut-    roo J 


C-3    Accident  History 

a.  Time  Period 

b.  #  of  accidents:  £2  


c.  Accident  rate/lM  approach 
vehicles  - 


C-23 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indent if i cat ion 
A-l  Municipality;  N&vajTO*-/  

2  Intersection:  M  E££j£i fJj  <^"r  &•  "TooJU, ^J.  , 

3  Route  Nos : 


4  Classification:  O^A  — 


5  Jurisdiction:  MPPW  "  UA/AgdfegT^ 
B .     Physical  Characteristics 


Approach 

# 

1 

Physical  Features 

• 

1 

2 

3 

4 

a . 

Sidewalks 

a 

b. 

Curbing 

b 

c. 

Parking  Peak 

c 

d. 

Parking  Off 
Peak 

d 

e. 

Approach  Width 

e 

JO' 

f . 

Eff.  Lane 

f 

1 

/ 

/ 

g. 

Any  Exclusive 
Turn  Lanes 

g 

h. 

Bus  Stops 

h 

C.  Performance  Features: 


C-l  Approach  Vol.  units  - 
\f£D  (10/83)/      t  % 


Pedest . 

Trucks     Buses     per  hr . 


1  .NA/  /0G>  V<7<a  g 

2  /-/oar/ec^      /*7  _£ 


4  \ij&z//ob4      /.  07   o 


C-2  Int.  Level  of  Service: 

Peak  fM'.     Ufjfet^j  E. 
Off-peak    AN  «    le£  £fe^»  i  £_ 


Schematic 


B-2 


Nt 

Approach  1 

Appr 

Appi 

0 
P) 

0 
Pi 

o  - 

-  o 

3* 
to 

Approach  3 

B-3  Traffic  Control  Device: 
Approach  # 

1.  SkfJc  

2.  NK7.g  

3.  _ 
4. 


Comments : 


C-3    Accident  History 

a.  Time  Period   Sit.  &£. 

b.  #  of  accidents:  // 


c.  Accident  rate/lM  approach 
vehicles       ^ . 


C-24 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.  Indent if  i cat ion 

A-l  Municipality;  ll&jJTObJ  

2  Intersection:  MfcE^H^y  & £,C£i<i&am 4-  St 

3  Route  Nos: 

4  Classification;   0?A  -     LOdA  L 

5  Jurisdiction;      /Mpi^W  ~  C 

B.  Physical  Characteristics 


Approach 

* 

1 

Physical  Features 

1 

2 

3 

4 

a . 

Sidewalks 

a 

b. 

Curbing  . 

b 

— 

c . 

Parking  Peak 

c 

d. 

Parking  Off 
Peak 

d 

e. 

Approach  Width 

e 

is' 

18' 

f . 

Eff.  Lane 

f 

/ 

1 

/ 

g. 

Any  Exclusive 
Turn  Lanes 

g 

h. 

Bus  Stops 

h 

C.  Performance  Features: 


2  1(W^ 

3  n/ 


4  /<60JT 


units 

% 

Pedest . 

Trucks 

Buses 

per  hr. 

rtA 

hJA 

Nf  A 

KlA 

MA 

Ma 

MA 

C-2  Int.  Level  of  Service: 
Peak  N/A 
Off-peak 


Ma 


Schematic 


B-2 


N  t     Approach  1 


> 



*a  => 

o   = — 

pi 
o 


V 


> 

O 

o 

to 


Approach  3 


B-3  Traffic  Control  Device: 
Approach  # 

1.   

2.   

3.   

4. 


Comments : 


C-3     Accident  History 

a.  Time  Period     tSlll  ffijS 

b.  #  of  accidents: 


c.  Accident  rate/lM  approach 
vehicles  , 




C-25 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indentif  i cat ion 

A-l  Municipality:  MgWTbU 


Schematic 


B-2 


2  Intersection;  N£.gDFAM  ST^^^CK^tJ^^ 

3  Route  Nos: 

4  Classification:  0?A  -  L-GZ,4U 

5  Jurisdiction:       Ht>^   ~  C 
B .     Physical  Characteristics 


Approach 

# 

1 

Physical  Features 

• 
• 

1 

2 

3 

4 

a . 

Sidewalks 

a 

b. 

Curbing 

b 

W£ 

c. 

Parking  Peak 

c 

d. 

Parking  Off 
Peak 

d 

e . 

Approach  Width 

e 

ir 

N' 

\&£ 

f . 

Eff.  Lane 

f 

i 

\ 

1 

g- 

Any  Exclusive 
Turn  Lanes 

g 

h. 

Bus  Stops 

h 

C.  Performance  Features: 
C-l  Approach  Vol.  units  - 


Pedest . 

Trucks     Buses     per  hr. 


N  *t     Approach  1 


> 
h 

0  = 

CD 

O 

sr 


  rQ 

H 
O 
0) 

o 


Approach  3  h 


to 


B-3  Traffic  Control  Device: 
Approach  # 

1.   

2.   

3.   

4. 


r 


Comments : 


7/iAV 


C-2  Int.  Level  of  Service: 

Peak      ft]  A  

Off-peak  (4h  


MA. 

MA 

Ma 

^A 

C-3    Accident  History 

a.  Time  Period 

b.  #  of  accidents:  


[Sis 


c.  Accident  rate/lM  approach 
vehicles  _ 

0 


C-2  6 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indentif ication 


Schematic 


A-l  Municipality:    A/lWrn^J   B-2 

2  Intersection;  Nsgfr*- am«£t  #L  CsL&&'*  R<1» 

3  Route  Nos:  hi  I  A  


4  Classification;  f^VA 

5  Jurisdiction;  M&PW 


B .  Physical  Characteristics 
B-l  Physical  Features; 


a.  Sidewalks 

b.  Curbing 

c.  Parking  Peak 

d.  Parking  Off 

Peak 

e.  Approach  Width 

f.  Eff.  Lane 

g.  Any  Exclusive 

Turn  Lanes 

h.  Bus  Stops 


a 
b 
c 
d 
e 
f 

g 

h 


Approach  # 

1 

2 

3 

4 

Ok 

u 

a1 

Q! 

i 

1 

i 

C.  Performance  Features; 


C-l  Approach 

Vol.  units 

MFD  0/fi2>^ 

% 

Pedest . 

1 

Trucks 

Buses 

per  hr. 

2 

t/A 

NA 

MA. 

3  /7sf 

NA 

NA 

Wk 

4  //  4*£ 

HA 

NA 

C-2  Int.  Level  of  Service 
Peak  /sIa 
Off-peak 


MA 


N  t     Approach  1 
^        IS  ^1  


> 

K 
O  . 
Q> 
O 
3* 


Y 


> 

  o 


Approach  3 


B-3  Traffic  Control  Device; 
Approach  # 

1.   

2.   

3.   

4. 


Comments ; 


-  *$u*m+~\  *ftk*<*^<*  «/Jc^*(<-  ^  c*^rj?«"W 


C-3    Accident  History 

a.  Time  Period  /  ?fe  3 

b.  #  of  accidents; 


c.  Accident  rate/lM  approach 
vehicles  _  ^ 


C-27 


CENTRAL  TRANSPORTATION  PLANNING  STAFF 
INTERSECTION  APPRAISAL  FORM 


A.     Indent if i cat ion 

A-l  Municipality;  Wsv^tpk/ 


2  Intersection;  WitJctitZTdSLST  r  TkXirifiM  ST, 


3  Route  Nos; 


Ma. 


4  Classification;  -  OH* 

5  Jurisdiction;  MpfiW  •  M£fr  //~  dCT^ 
B .     Physical  Characteristics 


B-l  Physical  Features; 

a.  Sidewalks 

b.  Curbing 

c.  Parking  Peak 

d.  Parking  Off 

Peak 

e.  Approach  Width 

f.  Eff.  Lane 

g.  Any  Exclusive 

Turn  Lanes 

h.  Bus  Stops 


a 
b 
c 
d 
e 
f 

g 

h 


Approach  # 

1 

2 

3 

4 

R 

fs 

R 

dX 

5fc' 

/ 

i 

t 

1 

*» 

C.  Performance  Features; 

C-l  Approach  Vol.  units  - 
VfD  (votes)/  %  _ 

V?^  (PMPe*  <\(&f)  Trucks  Buses 


Pedest . 
per  hr. 


I.<?8 

I 

/ 

O.SS 

o 

<? 

0.  o 

0 

0 

0 

3^^/  ^57 
4  [f,^////36? 
C-2  Int.  Level  of  Service; 

Peak  Ptt:  frfcfariS  £ 

Off-peak    f\r\  >  uCa<  jWjrj  s> 


1  IJ-U  k  Lefts  4*~*3  F 


Schematic 


B-2 


Approach  1 


Approac 


B-3  Traffic  Control  Device; 
Approach  # 

2.    St-p3ic-m  /.ao  f^c,  "vTcaj 

r— -  | 

4.       Mellon  Ffftt/,.^  'StAg-'n  


Comments ; 


C-3    Accident  History 

a.  Time  Period  fi&h 

gr  o 

b.  #  of  accidents; 


c.  Accident  rate/lM  approach 
vehicles 

/.(*3 


C-28 


1 


C  .  T  .  P .  S . 


ROAD  SEGMENT  APPRAISAL  SHEET 


*****- 


***** 


Identification 


Nun  icipali  by- 
street Name 
Route  Number 
Federal    Aid  Sys. 
Admi  ni strati ve  Sys 
Functional  Class 
From 
To 

Length 


Newton 
Need ham  St. 
n  /a 

Urban  Systems 
M .  D .  P .  W . 

Other  Principal  Arterial 
Winchester  Street 
Columbia  Avenue 
.  23M 


Section  Characteristics 


Number   of  Lanes 

Di vi  ded 

:  no 

Layout /ROW  Width 

:  60 

f  t . 

Surface  Width 

:  40 

ft. 

Shoulder  Width 

Lef  t 

0 

Ri  ght 

0 

Median  Width 

0 

ft. 

Si  dewal ks 

Left 

n 

Right 

n 

Curb  i  nq 

Left 

Right 

Par  king 

Left 

n 

Right 

n 

Ter r ai  n 

:  Level 

Funct i onal    Character i st l cs 


Ex  i  st  i  ng   A . D . T . 
Total  Accidents 
Acc i dents /Road  Mile 
Accidents/MVM 
Level    of  Service 


22800 


I) 

****** 


C-29 


C  .  T  .  P .  S . 


ROAD  SEGMENT  APPRAISAL  SHEET 


-a-**-*-*- 


I  dent  i  f i  cat  i on 


Mun  icipality 
Street  Name 
Route  Number 
Federal    Aid  Sys. 

Administrative  Svs 
Functional  Class 
From 
To 

Length 


Newton 
Needham 
n/a 
Urban 
M .  D .  P 
Other 


St. 


Systems 
W. 

Pr  i  nci  pal 
Columbia  Avenue 
Christina  St.  & 
.  52M 


Arter i  a 1 


Oak  St 


Section  Characteristics 


Number   of"  Lanes 

Di  vi  ded 

:  no 

Layout /ROW  Width 

:  60 

•ft. 

Surface  Width 

:  40 

ft. 

Shoulder  Width 

Lei  t 

0 

Right  0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Lett 

4  ' 

Right  3 

Curb  i  nq 

Left 

Right  x 

Par k 1 n  a 

Left 

n 

Right  n 

Terrai  n 

:  Level 

Functional  Characteristics 


Ex i  st  i  ng  A . D . T . 
Total  Accidents 
Accidents/Road  Mile 
Acci  dents/MVM 
Level    of  Service 


2805O 


C-30 


C  .  T  .  P .  S . 


ROAD  SEGMENT  APPRAISAL  SHEET 


*****- 


-***** 


I  den t  i  f  i  cat  i  on 


Muni  cipal i ty 
Street  Name 
Route  Number 
Federal   Aid  Sys. 
Ad  nil  n  i  strat  i  ve  Sys 
Functional  Class 
From 
To 

Lenat h 


Newton 
Need ham  St. 

n/a 

Urban  Systems 
M .  D .  P .  W . 

Other   Principal  Arterial 
Christina  St.    &  Oak  St. 
Needham  Town  Line 
.  07M 


Section  Characteristics 


Number   of  Lanes 


Di  vi ded 

:  no 

') 

Layout /ROW  Width 

:  60 

ft. 

Surface  Width 

:  40 

ft. 

Shoulder  Width 

Left 

0 

Ri  ght 

0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

n 

Right 

n 

Curbi  nq 

Left 

Right 

Par  k i  ng 

Left 

n 

Ri  ght 

n 

Terr ai  n 

:  Lev 

el 

kunctional  Characteristic 


Ex  isting  A.D.T. 
Total  Accidents 
Accidents/Road  Mile 
Acci  dents/MVM 
Level    of  Service 


271 00 


****** 


C-31 


c. 


ROAD   SEGMENT   APPRAISAL  SHEET 


*****- 


--**  *** 


Identi-f  icatian 


Muni  cipal ity 
Street  Name 
Route  Number 
Federal    Aid  Svs . 

Administrative  S> 
Functional  Class 
Fr  am 
To 

Length 


Newton 

Winchester  Street 
n  /  a 

Urban  Systems 
M .  D .  P .  W . 

Other   Principal  Arterial 
Need ham  Street 
Columbia  R'Gad 
.  1  1M 


Sec  1 1  on   Ch ar  ac:  t  er  i  st  i  cs 


Number   of  Lanes 

Di  v i ded 

:  no 

L  a  v  o  u  t  /  R  D  W  Width 

f  t . 

Surface  Width 

:  42 

1 1 . 

Shou 1 der  Width 

Lei  t 

0 

Ri  aht 

Median  Width 

:  0 

f  t . 

S  i dewal ks 

Le-f  t 

n 

Right 

n 

Curb  i  na 

Left 

n 

Ri  ght 

n 

Par  k i nq 

Left 

Right 

Terrai n 

:  Ro 

1  1  i  na 

Funct  i  oris)    Character  1  st  i  cs 


Ex  i  st  i  ng   A . D . T . 

Total  Accidents 
Accidents/Road  Mile 
Accidents/ MVM 
Level    of  Service 


4800 


****** 


C-32 


ROAD  SEGMENT   APPRAISAL  SHEET 


***** 


I  den 1 1 i i  cat  i  on 


Mun  icipal ity 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys. 
Functional  Class 
From 
To 

Length 
Section  Characteristics 


Newton 

Dedham  Street 
n  /a 

Urban  Systems 
Ci  ty 

Urban  Minor  Arterial 
Winchester  Street 
Stoney  Brae  Road 
.  27M 


Number   of  Lanes 
Di  vi ded 

Layout /ROW  Width 
Surface  Width 
Shoulder  Width 
Median  Width 
Si  dewal ks 
Cur b  i  nq 
Par  k i  nq 
Terrai n 


no 


ft. 

:  34 

ft. 

Left 

0 

Right  0 

:  0 

ft. 

Left 

5  ' 

Riqht  n 

Left 

Right  x 

Left 

Right  x 

:  Level 


Functional  Characteristics 


Ex  istinq  A.D.T. 
Total  Accidents 
Accidents/Road  Mile 
Accidents/MVM 
Level   of  Service 


6350 


****** 


C-33 


C.  T. P. 


ROAD  SEGMENT   APPRAISAL  SHEET 


■*****■ 


I  dent  1  -f  i  cat  1  on 


Mun icipality 
Street  Name 
Route  Number 
Federal    Aid  Sys. 

Administrative  Sys, 
Functional  Class 
From 
To 

Lena th 


Newton 

Columbia  Road 
n/a 

Urban  Systems 

City 

Local 

Needham  Street 
Winchester  Street 
.  1 1M 


Section  Characteristics 


Number   o-f  Lanes 

Di  vi ded 

:  no 

Layout /ROW  Width 

ft. 

Surface  Width 

:  24 

ft. 

Shoulder  Width 

Left 

0 

Ri  qht 

o 

Median  Width 

:  0 

ft. 

Si dewal ks 

Left 

5  ' 

Riqht 

5 

Cur b  i  nq 

Left 

Right 

Par  k i nq 

Left 

Ri  qht 

n 

Terrain 

:  Level 

Functional  Characteristics 


Existing   A. D.T.  :  350 

Total    Accidents  : 

Accidents/Road   Mile  : 

Accidents/MVM  : 

Level    of   Service  : 


C-34 


C .  T .  P .  S . 


ROAD  SEGMENT  APPRAISAL  SHEET 


****•*- 


-***•*•* 


I  den  t  :i  lie  at  i  on 

Muni  cipal  i  t.y 
Street  Name 
Route  Number 
Federal   Aid  Svs. 
Admi ni  strat i  ve  Svs 
Functional  Class 
From 
To 

Length 
Section  Characteristics 


Newton 

Rockland  Street 
n  /  a 

Non— Federal  Aid 

Ci  ty 

Local 

Kenneth  Street 
Needham  Street 
.  04 M 


Number   of  Lanes 

Di vi ded 

:  no 

Layout /ROW  Wi dth 

ft. 

Surface  Width 

:  28 

ft. 

Shoulder  Width 

Left 

Riqht  2 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

n 

R  i  q  h  t  n 

Cur b  i  ng 

Left 

n 

Right  n 

Par  k i ng 

Left 

Right  x 

Terrai n 

:    Ral ling 

Funct  i  onal    Character  i  st  i  cs 


Ex  i  st  i  ng  A. D. T. 
Total  Accidents 
Acci dents /Road  Mile 
Accidents/MVM 
Level    of  Service 


n  /  a 


*  ***** 


C-35 


ROAD  SEGMENT  APPRAISAL  SHEET 


*****- 


-***** 


I  dent  i  f  i  cat  i  on 


Mun  icipality 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys, 
Functional  Class 
From 
To 

Lena t h 


Newton 

Jaconnet  Street 
n/a 

Non-Federal  Aid 

City 
Local 
Dead  End 
Needham  Street 
.  12M 


Section  Characteristics 


Number   of  Lanes 

Di vi ded 

:  no 

Layout /ROW  Width 

ft. 

Surface  Width 

:  30 

ft. 

Shoulder  Width 

Left 

0 

Ri  ght 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

n 

Riqht 

n 

Cur b  i  ng 

Left 

n 

Right 

n 

Parking 

Left 

Right 

Terrain 


Level 


Functional  Characteristics 


Existing  A.D.T. 
Total  Accidents 
Accidents/Road  Mile 
Accidents/MVM 
Level   of  Service 


****** 


C-36 


C.  T.  P.  S. 


ROAD  SEGMENT  APPRAISAL  SHEET 


I  dent  i  f i  cat  i  on 


Mun icipality 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys 
Functional  Class 
From 


Newton 
Tower  Road 
n/a 

Non-Federal  Aid 

Unaccepted 

Local 

Needham  Street 


To 

:  Cul 

-de- 

sac 

Length 

:    .  12 

M 

Section  Characteristics 

Number   of  Lanes 

-  *~; 
•  jL 

Di vi ded 

i  no 

Layout /ROW  Width 

ft . 

Bur-face  Width 

:  29 

ft. 

Shoulder  Width 

Left 

0 

Right 

0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Lef  t 

5  ' 

Right 

5 

Curb  inq 

Left 

Right 

F  ar  k i  ng 

Le-f  t 

n 

Right 

n 

Terrain 


Level 


Functional  Characteristics 


Ex  i  st  i  ng   A . D . T . 
Total  Accidents 
Accidents/Road  Mile 
Accidents/MVM 
Level    of  Service 


n/a 


C-37 


C.T.F'.S. 


ROAD  SEGMENT  APPRAISAL  SHEET 


*****- 


-***** 


I  dent  i  f i  cat  i  on 


fiun  icipal  ity 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys, 
Functional  Class 
From 
To 

Lena t h 


Newton 

Industrial  Place 
n/a 

Non-Federal  Aid 

City 

Local 

Needham  Street 
Dead  End 
.  12M 


c 


Section  Characteristics 


Number  of  Lanes 
Di vi ded 


n  o 


Layout / ROW  Width 

ft. 

Surface  Width 

f  t . 

Shoulder  Width 

Lett 

Ri  qht 

n 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

n 

Right 

8 

Cur b  i  nq 

Left 

n 

Ri  qht 

n 

Par  k  i  nq 

Left 

Right 

Terrai n 


Level 


Functional  Characteristics 


Existing  A . D . T . 
Total  Accidents 
Accidents/Road  Mile 
Accidents/MVM 
Level    of  Service 


c 


***  **  * 


c 


C-38 


C  « 


C .  T  .  P . 


-   ROAD  SEGMENT  APPRAISAL  SHEET 


*****- 


-***** 


Ident 1 f i cat  1  on 


Mun icipal itv 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys, 
Functional  Class 
Fr  ofi'i 
To 

Lenqth 


Newton 

Charlemont  Street 
n  /a 

Non-Federal  Aid 

Ci  ty 

Local 

Needham  Street 
Dead  End 
.  14M 


Section  Characteristics 


Number   of  Lanes 

Di  vi  ded 

:  no 

Lavout /ROW  Width 

ft. 

Surface  Width 

:  30 

ft. 

Shoulder  Width 

Left 

0 

R  i  a  h  t 

0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

n 

Right 

n 

Curbi  ng 

Left 

n 

Rig  h  t 

n 

Par  k i  ng 

Left 

Right 

Ter rai  n 

:  Level 

ional  Characteristics 

Ex  i  st  i  ng   A . D . T . 
Total  Accidents 
Accidents/Road  Mile 
Acci  dents/MVM 
Level    of  Service 


****** 


C-39 


e 


C.T.F'.S. 


ROAD  SEGMENT   APPRAISAL  SHEET 


I dent i  f  i  cati on 


****** 


e 


Muni  ci  pal i  tv 
Street  Name 
Route  Number 
Federal    Aid  Sys. 

A  d  m  i  n  i  s  t  r  a  t  i  v  e  S  y  s 
Functional  Class 
From 
To 

Lenqth 


Newton 

Christina  Street 
n  /  a 

Non -Federal  Aid 

City- 
Local 

Needham  Street 
Railroad  Tracks 


Section  Characteristics 


Number   of  Lanes 

.  2 

Divided 

:  no 

L a  y  o u t / R 0 W  Width 

ft. 

Surface  Width 

:  18 

ft. 

Shoulder  Width 

Left 

Right 

0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

n 

Right 

n 

Curb  i  nq 

Left 

n 

Right 

n 

Par  k  ing 

Left 

Right 

n 

Terrai  n 

:    Rol 1 i  nq 

F  unci 1 1  onal    Character  i  st  i  cs 


Ex  i  st  i  no   A . D . T . 
Total  Accidents 
Acci dents /Road  Mile 
Acci  dents /MVM 
Level    of  Service 


2350 


****** 


C-40 


ROAD  SEGMENT  APPRAISAL  SHEET 


I  dent,  i  -f  i  cat  i  on 


Mun i  c  i  pal i  ty 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys 
Functional  Class 
From 
To 

Lenat h 


Newton 
Oak  Street 
n  /a 

Urban  Systems 
Ci  ty 

Urban  Collector 
Needham  Street 
Chestnut.  Street. 
.  28N 


Section  Characteristics 


Number   of  Lanes 

Divide  d 

:    n  o 

L.  a  y  a  u  t  /  R  □  W  Width 

ft. 

Surface  Width 

f  t . 

Shoulder  Width 

Lef  t 

0 

Ri  qht 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

B  ' 

R 1  q  h  t 

Curb  inq 

Left 

Right 

Par k i  no 

Left 

R  i  q  hi  t 

Ter rai  n 

Level 

(one  hour  restriction) 


Funct i anal    Character i st  i  cs 


Ex  istinq  A  „  D .  T  . 
Total  Accidents 
Accidents/Road  Mile 
Acci dents/MVM 
Level    of  Service 


7500 


C-41 


C .  T  .  P .  S . 


ROAD  SEGMENT  APPRAISAL  SHEET 


*****- 


-***** 


I dent i  f  i  cat i on 


Muni ci  pal i  ty 
Street  Name 
Route  Number 
Federal    Aid  Svs. 
Administrative  Sys 
Functional  Class 
From 
To 

Lena t h 


Need ham 

Highland  Circle 
n/a 

Non— Federal  Aid 

Unaccepted 

Local 

Hi  gh 1  and  Avenue 
Highland  Avenue 
.  1 2M 


Section  Characteristics 

Number   o-f  Lanes 
Di vi ded 

L  a  y  o  u  t  /'  R  0  W  Width 
Surface  Width 
Shoulder  Width 
Median  Width 
Si  dewal ks 
Cur b l nq 
Par  k i  ng 
Ter r ai  n 


1 

no 


ft. 

:  IS 

ft. 

Le-ft 

0 

:  0 

f  t . 

Lett 

n 

Left 

n 

Le-ft 

Right  0 


Right 
Right 
Ri  qht 


Level 


Functional  Characteristics 


Ek  isting  A.D.T. 
Total  Accidents 
Accidents/Road  Mile 
Acci dents /MVM 
Level    of  Service 


n/a 


****** 


C-42 


c .  t  .  p .  s . 


ROAD  SEGMENT  APPRAISAL  SHEET 


I  dent  i  f i  cat  i  on 


Mun  icipality 
Street  Name 
Route  Number 
Federal    Aid  Svs. 
Administrative  Sys 
Functional  Class 
From 
To 

Lena th 


Need ham 

Riverside  Street 
n  /  a 

Non-Federal  Aid 

Town 

Local 

High view  Street 
Highland  Avenue 
.  IBM 


Section  Characteristics 


Number   of  Lanes 

D i vi ded 

:  no 

Layout / ROW  Width 

f  t . 

Surface  Width 

ft. 

Shoulder  Width 

Left 

0 

R  i  q  h  t  0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

4  ' 

Right  4 

Curb i  no 

Left 

n 

R  i  q  h  t  n 

Par  k  i  nq 

Left 

Right  x 

Terrai n 

:  Lev 

el 

Funct  i  onal    Character i st  i  cs 


Existing  A.D.T.  :  n/a 

Total    Accidents  : 

Acc i den ts /Road   Mile  : 

Acci dents/MVM  : 

Level    of   Service  : 


C-43 


C .  T .  P .  S  . 


ROAD  SEGMENT  APPRAISAL  SHEET 


I  dent  i  +  i  cat  i  on 


Muni  cipality 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys 
Functional  Class 
From 
To 

Length 


Needham 

Highview  Street 
n/a 

Non -Federal  Aid 
Unaccepted 
Loca  1 

Highland  Terrace 
Riverside  Street 
.  05M 


Section   Lharacter 1 st 1 cs 


Ter r ai r 


Number   of  Lanes 

Di vi ded 

:  no 

L  a  y  o  u  t  /  R  □  W  W  i  d  t  h 

ft. 

Surface  Width 

:  16 

ft. 

Shou 1 d  e  r  Width 

Left 

0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

n 

Cur b  i  ng 

Lef  t 

n 

Par  k i ng 

Left 

Level 


R  l  g  h  t  0 


Right 
Ri  ght 
R  i  qh  t 


Funct i onal    Character  i  st l cs 


Ex  isting  A.D.T. 
Total  Accidents 
Accidents/Road  Mile 
Acc  i  dent s/MVM 
Level    of  Service 


n/a 


C-44 


ROAD  SEGMENT  APPRAISAL  SHEET 


**** 


I  dent  1  -f  i  cat  i  on 


Muni  ci pal i  ty 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys 
Functional  Class 
From 
To 

Length 


Need ham 

Hi qh land  Terrace 
n  /  a 

Non— Federal  Aid 

Unaccepted 

Local 

Highland  Avenue 
High view  Street 
.  21M 


Section  Characteristics 


Number   of  Lanes 

:  1 

Di vi  ded 

:  no 

L.  a  y  o  u  t  /  R  □  W  Width 

ft. 

Surface  Width 

:  20 

ft. 

Shoulder    W i  d t h 

Left 

o 

Right 

0 

Median  Width 

:  0 

f  t . 

Si  dewal ks 

Left 

4  ' 

Right 

n 

Cur b 1 nq 

Left 

n 

Right 

n 

Par  k 1 ng 

Left 

Right 

Terr ai  n 

:  Lev 

el 

Funct i  onal    Character  i st i  cs 


Ex  i  st  i  ng   A. D. T . 
Total  Accidents 
Accidents/Road  Mile 
Accidents/MVM 
Level    of  Service 


n  /  a 


*****  * 


C-45 


1 


C.T.P.S. 


ROAD  SEGMENT   APPRAISAL  SHEET 


I  den t  i  f i  cat  i  on 


Muni  c 1  pal i  ty 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys 
Functional  Class 
From 
To 

Length 


Need ham 

Charles  Street 
n  /a 

Non-Federal  Aid 

Town 

Local 

Highland  Avenue 
Freemont  Street 
.  2SM 


Section  Characteristics 


Number   of  Lanes 
Di  vi  ded 

Layout /ROW  Width 
Surface  Width 
Shoulder  Width 
Median  Width 
Si  dewal ks 
Curb  inq 
Par  king 
Ter r ai n 


no 


■ft. 

:  30 

ft. 

Left 

0 

:  0 

ft. 

Left 

n 

Left 

n 

Left 

Right  0 


Right 
Right 
Right 


Level 


Functional  Characteristics 


Existing  A.D.T. 
Total  Accidents 
Acc l den ts /Road  Mile 
Accidents/MVM 
Level    of  Service 


n/, 


*  *  * 


C-46 


C .  T .  P .  S . 


ROAD  SEGMENT   APPRAISAL  SHEET 


****** 


I  dent  i  f i  cat  i on 


Mun i  c  i  pal i  t y 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys, 
Functional  Class 
From 
To 

Lena th 


Need ham 

Wexford  Street 
n  /  a 

Nan -Federal  Aid 

Town 

Local 

Freemen t  Street 
Highland  Avenue 
.  26M 


Sec t  i  on   Char ac t er istics 


Number   o-f  Lanes 

D  i  v  i  d  e  d 

:  no 

Layout /ROW  Width 

f  t . 

Surface  Width 

n  30 

f  t . 

Shoulder  Width 

Left 

0 

R  i  g  h  t  0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

n 

Right  n 

Cur b  i  ng 

Left 

n 

Right  n 

Par  k 1 ng 

Left 

Right  x 

Ter r ai  n 

:  Level 

Fundi  anal    Character  i  st  i  cs 


Ex  i  st  i  ng  A. D. T . 
Total  Accidents 
Acc i den ts /Road  Mile 
Acc  i  dents/MVM 
Level    of  Service 


n/a 


****** 


C-47 


<  . 


C .  T .  P .  S . 


ROAD  SEGMENT  APPRAISAL  SHEET 


Ident i  f i  cati  on 


Mun icipality 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sy< 
Functional  Class 
From 
To 

Length 


Needham 

Highland  Avenue 
n/a 

Urban  Systems 
M.  D.  P.  W. 

Other  Principal  Arterial 
Newton  City  Line 
Second  Avenue 
.  17M 


CO 


Section  Characteristics 


Number   o-f  Lanes 

Di  vi  ded 

:  no 

Layout /ROW  Width 

ft. 

c 

Surface  Width 

:  30 

ft. 

Shoulder  Width 

Left 

0 

Right 

0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

n 

Right 

n 

Cur b  i  nq 

Left 

Right 

X 

Par  k i  ng 

Left 

n 

Right 

n 

c 

Terrain  :  Level 


Functional  Characteristics 


Existing   A. D.T.  :  27100 

Total  Accidents 
Acc i den ts /Road  Mile  : 
Accidents/MVM  : 
Level    of   Service  : 


C  I 


c  « 


C-48 


C .  T .  P 


ROAD  SEGMENT  APPRAISAL  SHEET 


I  den t  i  f  i  cat i on 


Mun 1 c  i pal  1 ty 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys, 
Functional  Class 
From 
To 

Length 


Needham 

Highland  Avenue 
n  /a 

Urban  Systems 
M .  D .  P .  W . 
Other-  Principal 
Second  Avenue 
First  Avenue 
.  14M 


Ar ter  i  al 


Section  Characteristics 


Number   of  Lanes 

Divided 

:  no 

Layout /ROW  Wi dth 

ft. 

Surface  Width 

ft. 

Shoulder  Width 

Left 

0 

Ri  ght 

0 

Median  Width 

:  0 

ft. 

Si dewal ks 

Left 

C  ' 

Right 

5 

Curb  i  ng 

Left 

n 

Right 

n 

Par  k i  ng 

Left 

n 

R  ight 

n 

Terr ai  n 

:  Le 

vel 

Func t  i onal    Character i st  i  cs 


Ex  i  st l ng   A . D . T . 
Total  Accidents 
Accidents/Road  Mile 
Acci dents/MVM 
Level    of  Service 


JOOU 


C-49 


ROAD  SEGMENT  APPRAISAL  SHEET 


*•■****-- 


Identification 


Mun icipality 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys 
Functional  Class 
From 
To 

Length 


Needham 
Hi  qh 1  and 
n/a 
Urban 
M .  D .  P 
Other 
First 
Route 
.  22M 


Avenue 


Systems 
W. 

Pr i  nci  pal 
Avenue 
128 


Ar ter  i  al 


Section  Characteristics 


Number   of  Lanes 

:  4 

Di  vi ded 

:  yes 

Layout /ROW  Width 

f  t . 

Surface  Width 

•  c 

ft. 

Shoulder  Width 

Left 

0 

Ri  qht 

0 

Median  Width 

ft. 

Si  dewal ks 

Lef  t 

rr  ' 

Right 

n 

Cur b  i  na 

Left 

Right 

Par  k i  nq 

Left 

n 

Ri  ght 

n 

Terr ai  n 

:  Level 

Functional  Characteristics 


Ex  i  sti  ng  A. D. T. 
Total  Accidents 
Accidents/Road  Mile 
Acci  dents/MVM 
Level    of  Service 


46100 


C-50 


C .  T .  P .  S . 


ROAD  SEGMENT  APPRAISAL  SHEET 


*****- 


-***** 


I  dent  i  f i  cat  i  on 


Mun icipality 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys, 
Functional  Class 
From 
To 

Lenqt h 


Needham 
Hi  gh 1  and 
n/a 
Urban 

li .  D .  P 

Other 
Route 


Hvenue 


Systems 
W. 

Pr  i  nc i  pal 
128 

Southbound  Ramp 
.  19M 


Arter i  ai 


(west  side) 


Section  Characteristics 


Number   of  Lanes 
Di  vi  ded 

Layout /ROW  Width 
Surface  Width 
Shoulder  Width 
Median  Width 
Si  dewal ks 
Cur b  i  ng 
Par  king 
Terrain 


4 

yes 


f  t . 

ft. 

Left 

0 

Ri  ght 

0 

ft. 

Left 

5  ' 

Right 

.  n 

Left 

Right 

Left 

n 

Right 

n 

Level 


Functional  Characteristics 


Ex  isting  A.D.T. 
Total  Accidents 
Accidents/Road  Mile 
Accidents/MVM 
Level    of  Service 


39/00 


***  *  *  * 


C-51 


ROAD  SEGMENT  APPRAISAL  SHEET 


***** 


1  dent,  i  f  i  cat  i  on 


Muni  cipality 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys 
Functional  Class 
From 
To 

Length 


Needham 

Highland  Avenue 
n/a 

Urban  Systems 
M.D.P. W. 

Other  Principal 
Southbound  Ramp 
Mills  Road 
.  14M 


Ar ter i  al 
(west  side) 


Section  Characteristics 


Number   of  Lanes 
Di  vi  ded 

Layout /ROW  Width 
Surface  Width 
Shoulder  Width 
Median  Width 
Si  dewal ks 
Cur b  i  ng 
Par king 
Terr ai  n 


no 


ft. 

:  29 

ft. 

Left 

0 

Ri  ght 

0 

:  0 

f  t . 

Left 

5  ' 

Right 

5 

Left 

n 

Right 

n 

Left 

n 

Right 

n 

:  Level 


Functional  Characteristics 


Existing   A. D.T.  :  39700 

Total    Accidents  : 

Accidents/Road  Mile  : 

Accidents/MVM  : 

Level    of   Service  : 


****** 


C-52 


C. T. P.S. 

ROAD  SEGMENT  APPRAISAL  SHEET 


***■•**- 


-***** 


Identification 


Muni cipality 
Street  Name 
Route  Number 
Federal   Aid  Sys. 
Administrative  Sys 
Functional  Class 
From 
To 

Length 


Needham 

Highland  Avenue 

n  /  a 

Urban  Systems 
M .  D .  P .  W . 
Other  Principal 
Mi  lis  Road 
Webster  Street 
.  15M 


Ar ter 1 al 


Section  Characteristics 


Number   of  Lanes 

Di vi ded 

:  no 

Layout /ROW  Width 

ft. 

Surface  Width 

:  29 

ft. 

Shoulder  Width 

Left 

0 

Ri  ght 

0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

Ri  ght 

Curbi  ng 

Left 

n 

Right 

n 

Par  king 

Left 

n 

Right 

n 

Ter r ai n 

:  Le\ 

-el 

Func t  i  onal    Character  i  st  i  cs 


Existing   A.D.T.  :  24700 

Total    Accidents  : 

Accidents/Road   Mile  : 

Acci dents /MVM  : 

Level    of   Service  : 


****** 


C-53 


r 


C.I.  p 


ROAD  SEGMENT  APPRAISAL  SHEET 


Identification 


Mun i  cipal i  ty 
Street  Name 
Fcoute  Number 
Federal    Aid  Svs. 
Administrative  Sys, 
Functional  Class 
From 
To 

L  enqth 


Needham 
Second  Avenue 

n  /  a 

Non-Federal  Aid 

Town 

Local 

F ourth   A v e n  u e 
Hi  gh 1  and  A ven ue 
.  44  M 


c 


r 


Sec t  i  on  Character  i  st i  cs 


Number   of  Lanes 

Di  vi ded 

:  no 

L  a  v  out  /'  ROW  W  i  d  t  h 

ft. 

Surface  Width 

:  40 

ft. 

Shoulder  Width 

Left 

0 

Right 

0 

Median  Width 

:  0 

f  t . 

Si  dewal ks 

Left 

4  ' 

Right 

n 

Curb  i  nq 

Left 

n 

Right 

n 

F'ar  k  i  nq 

Left 

Ri  ght 

n 

Terrai n 

:  Level 

r 


r 


F  uncti onal    Character i st i cs 


Ek  isting  A.D.T. 
Total  Accidents 
Accidents/Road  Mile 
Acc  i  dents/MVM 
Level    of  Service 


14350 


r 


*  *  #  *  *  * 


c 


c 


C-54 


C .  T .  P .  S . 


ROAD  SEGMENT   APPRAISAL  SHEEI 


-***■*-* 


I  den  t  i  Hcation 


Nun icipality 
Street  Name 
Route  Number 
Federal    Aid  Svs. 

Adm 1 n i st r at  i ve  By 
Functional  Class 
From 
To 

Length 


Need ham 
First  Avenue 
n  /'a 

Non-Federal  Aid 

Town 

Local 

Highland  Avenue 
B  Street 
.  52M 


Sect  1  on  Ch aracter i  st  i  c s 


Number   o-f   Lanes  :  2 

Di vi ded  :  no 

L.  a  v  □  u  t  /  R  □  W  W  i  d  t  h  :  ^  t 

S u r  f  a c  e  Width  :    4 0  f  t 

S  h  o  u  J.  d  e  r   Width  Lett  0 

Median   Width  :      0  -ft 

Si  dewal ks  Lef  t  4 

Curbing  Left  n 

Par  k  i  ng  Let 1  x 

Terrain  :  Level 


Right  0 


R  l  g  h  t. 
R  i  g  h  t 
Right 


Funct  i  on  a  J.  Characteristic' 


Ex  l  st  i  ng  A . D . T . 
Tot  ai  1   Ac  c  i  dent  s 
Ac c i dent s /Road  Mile 
Accidents / MVM 
Level    o-f  Service 


900 


****** 


C-55 


ROAD  SEGMENT  APPRAISAL  SHEET 


Ident  1  -f  i  cat  i  on 


Mun 1 c  i  pal i  t y 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
A  d  m  1  n  i  s  t  r  a  t  i  v  e  S  y  s , 
Fun c  t  i  on  a 1    C  I  a  s s 
From 
"I  o 

Lena t h 


Need  h  ami 
Gould  Street 
n  /a 

Urban  Systems 
7  own 

Urban   Minor  Arterial 
Highland  Avenue 
Railroad  Tracks 
.  26M 


Section  Character i  st i  cs 


Number    of  Lanes 

Di vi ded 

i  no 

Layout /'ROW  Width 

ft. 

Surface  Width 

:  28 

f  t . 

Shoulder  Width 

Left 

0 

Right  2 

Median  Width 

:  0 

f  t . 

Si dewal ks 

Left 

4  ' 

R  i  g  h  t  n 

Cur b  i  nq 

Left 

Right  n 

Par  k i  ng 

Left 

Right 

Terrai n 

:  Level 

ional  Characteristic 

Ex i st  i  nq   A . D . T . 

:    n  /a 

Total  Accidents 
Accidents/Road  Mile 
Ace l dent s/MVM 
Level    of  Service 


C-56 


C .  T .  P .  S . 


ROAD  SEGMENT   APPRAISAL  SHEET 


**-***- 


I  dent  i  -f  i  cat  i  on 


Muni  ci  pal i  ty 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  S1 
Functional  Class 
From 
To 

Lenqth 


Need ham 
Hunting  Road 
n  /  a 

Urban  Systems 
1  own 

Urban  Minor  Arterial 
Kendrick  Street 
Sreendale  Avenue 
.  1  1M 


Sec  t  i  on   Ch 3.r  s.c  t  er  i  st  i  c s 
Number   of  Lanes 


Di vi ded 

s    n  o 

Layout /ROW  Wj  dth 

ft. 

Surface  Width 

:  46 

ft. 

Shoulder  Width 

Left 

0 

Right  0 

Median  Width 

z  0 

f  t . 

Si  dewal ks 

Left 

n 

Right  4 

Curbi  nq 

Left 

Right  x 

Par  k  i  nq 

Left 

R  i  q  h  t  x 

Terr ai  n 


:    Rol 1 i  nq 


Fu.nc  t  i  ona]    Char  act  er  i  st  i  cs 


Existinq  A.D.T. 
Total  Accidents 
Accidents/Road  Mile 
Acci dents/MVM 
Level    of  Service 


n  /a 


****** 


C-57 


T .  P 


ROAD  SEGMENT   APPRAISAL  SHEET 


*****- 


***** 


I  dent  i  f i  cat 1  on 


Muni  ci  pal i ty 
Street  Name 
Route  Number 
Pederal    Aid  Sys. 
Administrative  Sys 
Functional  Class 
From 
To 

Length 


Svst ems 


Needham 
Hunting  Road 
n/a 
Urban 
Town 
Urban 
David 
Kendr  i c  k 
.  42M 


Mi  nor 
Road 

Street 


Arter i  al 


Sect  i  on   Character  1 st  i  cs 


Number   of  Lanes 

Di  vi ded 

:  no 

Layout / ROW  Width 

•ft. 

Surface  Width 

:  46 

ft. 

Shoul der   W] dth 

Lei  t 

Ri  ght 

Median  Width 

:  0 

ft. 

Si dewal ks 

Left 

n 

Right 

4 

Curb  1 nq 

Lef  t 

n 

Right 

n 

Par  king 

Lett 

Ri  ght 

Terrai n 

:    Rol 1 i  no 

Func t  i ona!    Character  i  st  i  cs 


E:<  i  st  l  nq   A.  D.  T. 
Total  Accidents 
Accidents/Road  Mile 
Acc  i  dent s/MVM 
Level    o-f  Service 


10450 


****** 


C-58 


C .  T  .  P  .  S  . 


ROAD  SEGMENT  APPRAISAL  SHEET 

*****  ***** 

I  dent i  f  i  cat i  on 

Municipality  :  Needham 

Street   Name  :    Hunting  Road 

Route  Number  :  n/a 

Federal    Aid   Svs.  :    Urban  Svstems 

Administrative  Svs.  :  Town 
Functional  Class 
From 
To 

Length 


:  Urban  Minor  Arterial 

:  Highland  Avenue 

:  David  Road 

:  .  23M 


Section  Characteristics 


Number   of  Lanes 

Di  vi ded 

:    n  q 

Layout /ROW  Width 

ft. 

Surface  Width 

ft. 

Shoulder  Width 

Lef  t 

0 

R  i  q  h  t  0 

Median  Width 

:  0 

ft. 

Si dewal ks 

Left 

4  ' 

Right  4 

Curb  i  nq 

Lett 

Right  x 

Par k i  nq 

Left 

Right  x 

Terrai n 

:  Level 

Fun  c  t  i  on  a  1    Ch aract eristics 


Existing   A.D.T.  :  10500 

Total    Accidents  : 

Accidents/Road  Mile  : 

Accidents/MVM  : 

Level    of   Service  : 


****** 


C-59 


C.T.P.S. 


ROAD  SEGMENT  APPRAISAL  SHEET 


Identification 


Hun icipality 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys 
Functional  Class 
From 
To 

Length 


Needham 
Cross  Street 
n  /a 

Non-Federal  Aid 

Unaccepted 

Local 

Highland  Avenue 
Putnam  St. 
.  1 2M 


Section  Characteristics 


N  u  m  b  e  r   o  f   L  a  n  e  s 
Di vi ded 

L.  a  y  o  u  t  /  R  0  W  W  i  d  t  h 
Surface  Width 
Shoulder  Width 
Median  Width 
Si  dewal ks 
Cur b  i ng 
Par  king 
Ter r ai  n 


:  no 

i 

f  t . 

:  16 

f  t . 

Left 

0 

Right  0 

:  0 

ft. 

Left 

n 

Right  n 

Lett 

n 

Right  n 

c 

Left 

Right  >; 

:  Level 

Functional  Characteristics 


Ex  i sting  A . D . T . 
Total  Accidents 
Accidents/Road  Mile 
Accidents/ M VM 
Level    of  Service 


n  /  a 


C-60 


C 


ROAD  SEGMENT  APPRAISAL  SHEET 


1  den  t  i  f i  cat  i on 


Muni  cipal i ty 
Street  Name 
Route  Number 
Federal    Aid  Svs. 
Administrative  Sys 
Functional  Class 
From 
To 

Lena t h 


Need ham 
Mills  Road 
n  /  a 

Non -Federal  Aid 

Town 

Local 

Highland  Avenue 
Sachem  Road 
.  09 M 


Section  Characteristic- 


Number  of  Lanes 
Di  vi  ded 

Layout /ROW  Widt 
Surface  Width 
Shoulder  Width 
Median  Width 
Si  dewal ks 
Cur b 1 nq 
Par  k i nq 
Terrai n 


no 


24 


.ef 


■ft. 
ft. 


:      0  ft 
Left  4' 
Left  n 
Left  V: 
%  Level 


Riqht  0 


Ri  qht 
Right 
R  i  q  h  t 


F  un  c.  1 1  on  a  1    Ch     &.c  teristici 


Ek  i  st  i  nq  A. D. T. 
Total  Accidents 
Acc  i  dents/Road  Mi  1 e 
Acci dents/MVM 
Level    of  Service 


n  /  a 


C-Gl 


C  .  T .  p .  5 . 


ROAD  SEGMENT  APPRAISAL  SHEET 


*****- 


-***** 


I  den 1 1 f i  cat  i on 


Mun icipal ity 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys, 
Functional  Class 
From 
To 


Needham 
Webster  Street 
n  /  a 

Urban  Systems 
Town 

Urban  Collector 
Highland  Avenue 
Great   Plain  Avenue 


L.  en  at  h 

:    1 . 2SM 

Sect i on   Ch arac ter i  st  i  c s 

Number    of  Lanes 

Di  vi ded 

:  no 

Layout /ROW  Width 

:            f  t . 

Surface  Width 

:    32  ft. 

Shoulder  Width 

Left  0 

R  i  g i  h  t  0 

Median  Width 

:      0      f  t . 

Si  dewal ks 

Left  4' 

Right  4 

Curb  i  nq 

Left  x 

Right  x 

Par  k i  nq 

Left  x 

Right  x 

Terrai n 

:  Level 

Funct i onal    Character  i  st  i  c 

Existing  A . D . T . 

:  6300 

Total  Accidents 
Accidents/Road  Mile 
Acci  dents/MVM 
Level    of  Service 


****** 


C-62 


C.  T.  P.  S. 


ROAD  SEGMENT   APPRAISAL  SHEET 


*****- 


-***** 


Identification 


Mun icipality 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys, 
Functional  Class 
From 
To 

Length 


Needham 

Greendale  Avenue 
n/a 

Urban  Systems 
Town 

Urban  Collector 
High  Street 
Hunting  Road 
.  39M 


Section  Characteristics 


Number   of  Lanes 

Di  vi ded 

:  no 

Layout /ROW  Wi dth 

ft. 

Surface  Width 

:  2S 

ft. 

Shoulder  Width 

Left 

0 

Right 

0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

4  ' 

Right 

4 

Cur b  i  ng 

Left 

n 

Right 

n 

Par  k i  ng 

Left 

Ri  ght 

Ter r ai n 

:  Level 

Functional  Characteri 

st  i  cs 

Ex  i  st  i  ng   A .  D .  T  . 
Total  Accidents 
Acci dents /Road  Mile 
Ac  c  i  d en  t  s  /' M VM 
Level    of  Service 


o  o  u  u 


****** 


i 


C-63 


C .  T .  P .  S . 


ROAD  SEGMENT  APPRAISAL  SHEET 


Ident i f 1  cat i  on 


Muni cipal ity 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys 
Functional  Class 
From 
To 

Length 


Need ham 

Greendale  Avenue 
n/a 

Urban  Systems 
Town 

Urban  Collector 
Webster  Street 
High  Street 
.  27M 


Sec  t  i  on   Ch ar  ac  t  er  i  s  t  i  c  s 


N  u.mb  e  r   of   La  r  i  e  s 

Di  vi ded 

:    n  o 

Layout /ROW  Width 

ft . 

Surface  Width 

:  24 

ft. 

Shoulder  Width 

Left 

0 

Ri  ght 

0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

4  ' 

Ri  ght 

4 

Curbi ng 

Left 

n 

Right 

n 

Far  king 

Left 

Right 

Terra i  n 

:  Le 

v<el 

Functional  Characteristics 


Ex  isting  A.D.T. 
Total  Accidents 
Accidents/Road  Mile 
Accidents/liVM 
Level    of  Service 


1750 


C-64 


C.T.P.S. 


ROAD  SEGMENT  APPRAISAL  SHEET 


*****-- 


-***** 


I  den 1 1 f  i  cat  i  on 


Hun i  c  i  pal  1 1 y 
Street  Name 
Route  Number 
Federal    Aid  Sys„ 
Admi  n  i  st  r  at  i  ve  Gs 
Functional  Class 
From 
To 

Lenqt h 


Needham 

Webster  Street 
n  /  a 

Urban  Systems 
Town 

Urban  Collector 
Hi  1 1  si  de  Avenue 
Highland  Avenue 
.  20M 


beet  ion  Characteristics 


Number   of  Lanes 

•  o 

Di vi  ded 

:  no 

Layout /ROW  Width 

f  t . 

Surf  ace  Width 

ft. 

Shoulder  Width 

Left 

0 

Right 

0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

4  ' 

Right 

4 

Cur b i nq 

Left 

n 

Ri  qht 

n 

Par  k i nq 

Left 

Right 

Ter r ai  n 

:  Le 

v-el 

Funct i onal    Character l st  i  cs 


Existing  A . D . T . 
Total  Accidents 
Acc i den ts/ Road  Mile 
Acci  dents/MVM 
Level    of  Service 


6750 


****** 


i 


C-65 


C .  T  .  P .  S . 


r 


ROAD  SEGMENT  APPRAISAL  SHEET 


I  dent  i  f i  cation 


Muni  ci  pal i  ty 
Street  Name 
R o u t e  N u. mber 
Federal   Aid  Sys. 
Admi  n  i  strat i  ve  Sys , 
F u n c t  i  o n a  1   CI  a s s 
From 
To 

Lena t h 


Need ham 

Kendrick  Street 
n  /  a 

Urban  Systems 
Town 

Urban  Minor  Arterial 
Sreendale  Avenue 
Hunting  Road 
.  08M 


S  e  c  t  i  o  n  C  h  a  r  a.  c  t  eristic:  s 


N  u  m  b  e  r  o  f   L  a  n  e  s 
Di  vi ded 

Layout /RON  Width 
Surface  Width 
Shoulder  Width 
Median  Width 
Si  dewal ks 
Cur b 1 ng 
Par  k  i  ng 
Terrai  n 


4 
no 


Left 
:  0 
Left 
Left 
Left 


ft 

ft 

0 

ft 

n 


Right  0 

Right  4 
Right  x 
Riaht  x 


:    Ral 1 i  ng 


Funct  i anal    Character  i  st  i  cs 

Existing  A.D.T.  :  n/a. 

Total  Accidents  : 
Acc i dents /Road  Mile  : 
Accidents/MVM  : 
Level    of   Service  : 


■  *  *  #  * 


C-66 


C .  T .  P .  S . 


ROAD  SEGMENT  APPRAISAL  SHEET 


Identi-ficati  on 


Muni  cipal ity 
Street  Name 
Route  Number 
Pederal    Aid  Sys. 
Administrative  Sys 
Functional  Class 
From 
To 

Length 


Needham 

Kendrick  Street 
n  /  a 

Urban  Systems 
Town 

Urban  Minor  Arteri 
Hunting  Road 
Route   12S  Bridge 
.  07 M 


Section  Characteristics 


Number   of  Lanes 

:  4 

Di  vi  ded 

:  no 

L  a  y  out / R 0 W  W 1 d t h 

ft. 

Surface  Width 

:  40 

ft. 

Shoulder  Width 

Left 

0 

Rig  h  t  0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Lett 

n 

Right  4 

Cur b  i  ng 

Left 

Right  x 

Par  k i  ng 

Left 

Right  x 

Terrai n 

:  Rol 

1  ing 

Functi onal    Character  i  st i cs 


Ex  i sting  A.D.T. 
Total  Accidents 
Accidents/Road  Mile 
Acci  dents/MVM 
Level    of  Service 


14150 


C-67 


C .  T .  P  «  S . 


ROAD  SEGMENT  APPRAISAL  SHEET 


I den t  i  f  i  cat i on 


Mu.n  i  c  i  pal  i  tv 
Street  Name 
Route  Number 
Federal   Aid  Sys. 
Admi  n i strat  i  ve  Eye , 
F  u  n  c  t  i  o  n  a  1   C 1  a  s  s 
From 
To 

Length 

S  e  c  t  i  o  n  C  h  a  r  a  c  t  e  r  i  s  t  i  c  s 

Number  of  Lanes 
Di  vi ded 

Layout /ROW  Width 
Surf  ace  Wi dth 
Shoulder  Width 
Median  Width 
S i dewal ks 
Curb  i  ng 
Par  k i  ng 
Terr ai  n 

F u net i o n a 1    C h a r  a c t  e r  i  s  t  i  c a 

Ek  i  at  i  ng  A .  D . T . 
Total  Accidents  : 
Accidents/Road  Mile  r 
Accidents/MVM  : 
Level   of   Service  : 


Needham 
Kendr  i  ck 
n/a 
Urban 
M.  D.  P 
Urban 


Street 


Systems 
W. 

Minor  Arterial 


c 


;  Rou 

te  128  Bridge 

;  Rol 

te    128  Bridge 

t    .  06  M 

( 

s   n  o 

ft. 

( 

i  40 

ft. 

Left 

0       Right  0 

:  0 

f  t « 

Left 

n       R  i  a  h  t  4  ' 

Left 

x       Right  )■'. 

Left 

n       R  i  g  h  t  n 

;    Rol 1 i ng 

:    3. 4 1 

50 

******* 


C-68 


C  .  T  .  P  .  S . 


ROAD  SEGMENT   APPRAISAL  SHEET 


***** 


-***** 


I  den t  i  f  i  cat  i  on 


Mun icipal ity 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys, 
Functional  Class 
From 
To 

Length 


Need ham 

Kendrick  Street 
n  /  a 

Urban  Systems 
Town 

Urban  Minor  Arterial 
Route   128  Bridge 
Third  Avenue 
.  IBM 


Section  Characteristics 


Number   o-f  Lanes 

Di vi ded 

:  no 

L  a  y  out / R D W  Width 

ft. 

Surface  Width 

:  40 

ft. 

Shoulder  Width 

Left 

o 

Right  0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

n 

Right  n 

Cur b  i  ng 

Left 

Right  x 

Par  k i  ng 

Left 

Right  x 

Terr ai  n 

:    Rol ling 

Funct i  onal    Character! sti  cs 


Ex  i  st  i  ng   A . D . T . 
Total  Accidents 
Accidents/Road  Mile 
Acci  dents/MV'M 
Level    of  Service 


1 4  1  50 


****** 


i 


C-69 


■ 


C .  T .  P .  S , 


ROAD  SEGMENT  APPRAISAL  SHEET 


I  den t  i  f i  cat  i  on 


Muni ci  pal i  ty 
Street  Name 
Route  Number 
Federal    Aid  Sys. 
Administrative  Sys, 
Functional  Class 
From 
To 

Length 


Needham 
Kendr  i  c I- 

n  /  et 

Urban 
Town 
Urban 
Third 


Street 

Systems 


Minor  Arterial 
Avenue 
Fourth  Avenue 
.  05M 


Sec t  i  on   Character  i  st i  cs 


N  u  m  b  e r  of   L  a  n  e  s 

Di vi ded 

:  no 

Layout /ROW  Width 

ft. 

Surface  Width 

:  40 

ft. 

Shoulder  Width 

Left 

o 

Right  0 

Median  Width 

:  0 

ft. 

Si dewal ks 

Left 

4  ' 

Right  n 

Cur b 1 nq 

Left 

Right  x 

Par  king 

Left 

Right  x 

Ter r ai n 

:  Lev 

el 

Func t  i  onal    Character  i  st  i  cs 


Ex  i  st  i  nq   A . D . T . 
Total  Accidents 
Acci dents /Road  Mile 
Acci dents /MVM 
Level    of  Service 


1 8800 


C-70 


C .  T  .  P  .  S  . 


ROAD  SEGMENT  APPRAISAL  SHEET 


I  dent  i  f i  cat  i  on 


-***** 


Mun 1  c i  pal ity 
Street  Name 
Route  Number 
Federal   Aid  Sys. 
Administrative  Sys, 
Functional  Class 
From 
To 

Length 


Needham 

Kendrick  Street 

n  /  a 

Urban  Systems 
Town 

Urban  Minor  Arterial 
Fourth  Avenue 
Newton  City  Line 
.  2SM 


Section  Characteristics 


Number   of   Lanes  :  2 

Divided  ;  no 

L  a  y  o  u  t  /  ROW  W  i  d  t  hi  : 

Surface  Width  :  40 

Shoulder   Width  Left 

Median  Width  s  0 

Sidewalks  Left 

Curbing  Left 

Parking  Left 

Terrain  :  Le^ 


ft. . 
ft. 

0 

ft. 

n 


Right 

Right 
Right 
Right 


Funct  i  onal    Character  i  st  i  cs 


Existing  A . D. T . 
Total  Accidents 
Acc i dents /Road  Mile 
Acc  i  dents/MVM 
Level    of  Service 


l  by  00 


****** 


C-71 


C .  T .  P . 


ROAD 


#**#*  


Identification 


Mun icipalitv 
Street  Name 
Route  Number 
Federal    Aid  Sys. 

Admi  n  1  strat  i  ve  Sys . 
Functional  Class 
F  r  om 
To 

Length 


Need ham 
Third  Avenue 
n  /a 

Non -Federal  Aid 

7  own 

Local 

B  Street 


Kendr  i  c  k 
.  24M 


Street 


Section  Characteristics 


Number   of  Lanes 

D  i  v  i  d  e  d 

:  no 

Lavout /ROW  Width 

f  t . 

Surface  Wi dth 

s  40 

f  t . 

Shoul der    Wi dth 

Left 

0 

R  i  a  h  t 

0 

Median  Width 

:  0 

ft. 

Si  dewal ks 

Left 

n 

Ri  ant 

4 

Cur b 1 nq 

Left. 

n 

Right 

n 

Par k i  nq 

Left 

Riaht 

Terrain  : 
F  unc  t.  i  on  a  1    Ch  ar  ac  t  er  i  s  t  i  c  s 


Level 


Ex  i  st  i  ng  A . D . T . 
Total  Accidents 
Accidents/Road  Mile 
Accidents/MV'M 
Level    of  Service 


5800 


C-72 


C .  T .  P .  S . 


ROAD  SEGMENT   APPRAISAL  SHEET 


I  dent  i  -f  i  cat  i  on 


Sys 


Muni  ci  pal i  ty 
Street  Name 
Route  Number 
Federal  Aid 
Administrative  Sys 
Functional  Class 
From 
To 

Length 


Needham 
Fourth  Avenue 
n/a 

Non-Federal  Aid 

Town 

Local 

Kendrick  Street 
Second  Avenue 
.  44M 


Section  Characteristics 


Number   of  Lanes 

Di  vi  ded 

:  no 

Layout /ROW  Width 

f  t . 

Surface  Width 

:  40 

ft. 

Shoulder  Width 

Left 

0 

Right  0 

Median  Width 

:  0 

ft. 

Si dewal ks 

Left 

6  ' 

Right  n 

Curb  i  ng 

Left 

Right  x 

Par  king 

Left 

V 

Right  x 

Terr ai  n 

:  Level 

Functional  Characteristics 


Existing  A.D.T. 
Total  Accidents 
Accidents/Road  Mile 
Acci  dents/MVM 
Level    of  Service 


55  O0 


C-73 
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Appendix  D 


INTERSECTION  LEVEL  OF  SERVICE  ANALYSIS 
(ASSUMPTIONS  AND  RESULTS) 


r 


r 


Appendix  D 


Description  of  Content 

Contained  in  this  appendix  -are  the  results  of  the  study  area 
intersection  turning  movement  count  surveys  conducted  by  CTPS  in 
September  and  October  of  1985.     The  peak  hour  turning  movements 
are  summarized  for  each  of  the  intersections  surveyed  by  peak  hour 
during  morning,  midday  and  evening  periods. 

Following  the  turning  movement  count  summaries  are  detailed 
worksheets  of  the  level  of  service  analysis  prepared  for  each 
intersection.     Circular  212  methods  were  used  for  the  purpose  of 
these  analyses.     Morning,  midday  and  evening  peak  hour  conditions 
were  evaluated. 

A  peak  hour  level  of  service  analysis  completed  for  each  of 
the  following  is  included: 

Highland  Avenue  at  Webster  Street 

Highland  Avenue  at  Gould  Street  and  Hunting  Road 

Highland  Avenue  at  First  Avenue 

Highland  Avenue  at  Wexford  Street 

Highland  Avenue  at  Second  Avenue 

Needham  Street  at  Oak  Street  and  Christina  Street 
Needham  Street  at  Tower  Road 

Needham  Street  at  Winchester  Street  and  Dedham  Street 
Winchester  Street  at  Route  9  Eastbound  On/Off  Ramp 
Centre  Street  at  Winchester  Street  and  Route  9  Westbound  On/ 
Off  Ramps 

Nahanton  Street  at  Wells  Avenue  and  the  Jewish  Community 
Campus 

Kendrick  Street  at  Fourth  Avenue 
Kendrick  Street  at  Third  Avenue 
Kendrick  Street  at  Hunting  Road 
Kendrick  Street  at  Greendale  Avenue 
Webster  Street  at  Greendale  Avenue 


D-l 


* 


♦ 


♦ 


SUMMARY  OF  VEHICLE  MOVEMENTS 

Intersection       Highland  Avenue   @  Webster  Street  


Date9- 13-84  Day  of  Wpp1<  wednesdav\Afoflthpr Falr  65  F  Community  ssedhaa 

N 


2  S 


I 

o 
< 

o 
cc 

CL 
CL 

< 


0 

•> 
C 

; 
i 

« 

u 

Tru 

dest 

# 

CL 

-M 

co 

O 

<D 

• 

M 

o 

st 

r-> 

<D 

4-t 

CO 

rH 

eb 

00 

ro 

< 

• 

00 

o 

in 

rH 

CM 

r 

in 

CM 

CO 

in 

ro 

co 

vo 

<N 

in 

■H 

00 

rH 

V© 

00 

rH 

cn 

in 

1 


O 
CM 


CO 


T 


370 


558 


662 


AM 

MID 

PM 

AM 

606 

29 

21 

17 

MI0 

580 

570 

552 

485 

PM 

521 

7 

7 

19 

Highland  Avenue 
(Street  Name) 

APPROACH  3 


AM 

MID 

PM 

%  Trucks 

6  .44 

6.55 

2.30 

Pedestrians 

NA 

NA 

NA 

AM 
MID 
PM 


Peak  Hours 

7:45  -  8:45 
12:00  -  1:00 
4:45  -  5:45 


CO 

rH 

rH 

CN 

V£> 

H 

rH 

H 

CO 

— 1 

CO 

H 

rH 

rH 

CO 

fH 

O 

CO 

CM 

CO 

i 

k 

CTi 

CO 

CO 

in 

O 

in 

CM 

CO 

Q 

< 

I 

0. 

APPROACH  4 


7.69 

3.54 

1.  78 

NA 

NA 

NA 

%  Trucks 
Pedestrians 


Highland  Avenue 
(Street  Name)  


AM 

MID 

PM 

44 

74 

54 

481 

AM 

493 

568 

678 

MID 

343 

— 4- 

94 

111 

387 

L009 

PM 

1016 


767 


679 


4J 
<D 
0) 
U 
A-> 
CO 

H 
(U 

+J 

CO 
X! 


CO 


CM 
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O 
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o 

rr 

CL 
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2 

O 
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< 

2 

rH 
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< 

• 

2 

rH 

• 

as 

c 

o 

a 

3 

Z 

u 

»- 

on 

* 

de 

e 

a 

;iRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  &  DESIGN 


A.M.    Sept.  '84 


STEP  ONE  OUTPUT 


NAME 

#THRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


Highland  Ave.   Highland  Ave. 


8 
O 

0 

o 

0 


10 
0 

0 

o 

0 


Webster  St. 

1 

13 
0 
0 
0 

0 


Webster  St. 

2 
11 

O 
0 
0 
0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
FED  VOL 
TRUCK  7. 
BUS  STOP 


1 

29 
570 
7 
10 
6.4 
0 


94 
343 
44 
10 
7.7 
0 


3 
58 
94 
16 
10 
2.4 

0 


4 
1 1 
200 
388 
10 
1.2 
0 


STEP  FOUR  OUTPUT 


CYCLE(secs) 
CHANGE  INT 
LT  CAP  ON  CI 

G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


70 
51 
103 
.  50 
387 
213 
316 
29 


70 

51 
103 
.  50 
577 

23 
126 

94 

t 


70 
51 
103 
.49 
588 
0 

103 
58 

t 


70 
51 
103 
.49 
110 
478 
581 
1 1 

t 


STEP  SIX  OUTPUT 


PHF 
LT  VOL 
THRU  VOL 
RT  VOL 


1 

0.89 
35 
681 
8 


0 .  90 
112 
410 

53 


d 

0.88 
67 
109 
19 


4 

0.84 
13 
241 
467 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

387 
2.00 
1 . 20 
1.00 


577 
2.00 
1 . 20 
1.00 


588 
2.00 
1 .  20 
1.00 


4 

110 
1.00 
1.20 
1.00 


A1B2 
a  A2B1 

A3B4 
$  A4B3 


UNPROTECT  LT 
759 
688 
263 
722 


PROTECT  LT 
731 
598 
209 
724 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

567 
2.00 
1 . 20 
1.00 


559 
2.00 
1 . 20 
1.00 


244 
1.00 
1 . 20 
1.00 


4 

172 
1.00 
1.20 
1.00 


A1B2 
A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
696 
918 
332 
340 


PROTECT  LT 
677 
814 
354 
342 


STEP  EIGHT  AND  NINE  A  OUTPUT 


A1B2 
A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
402 
482 
299 
178 


PROTECT  LT 
391 
427 
318 
180 


STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES  1  & 


482 
818 


1-one  phase  only 

8-two  phases, di recti onal  split 


POSSIBLE  PHASES  APPROACHES  3  4 


299 
498 


1— one  phase  only 

8-two  phases, direct ional  split 


Phasing  l& 


Phasing  3&4  v/c 
1  0.43 


SUM  CV 
781 


1 
8 
8 


8 
1 
8 


0.  57 
0.65 
0 . 80 


979 
1117 
1316 


Capaci  ty 
1800 


1 720 
1720 
1650 


identify  Lane  Geometry 


Aee<o*cnT 


Identify  Volumes,  in  vph 


ADO>oach  3 
1  


RT  . 

7¥ 

TM  • 

LT  • 

in 

LT._2L 
TH.JZJL. 
RT.  1 


± 


Assign  Lane  Volumes, 
in  vph 

Aooro*ch  3 

T 


Approach  * 


LO 
A 


B 
B 
D 


« 


< 


CIRCULAR  212  WORKSHEET:  SIGNALIZED  INTERSECTION  -  OPERATIONS  ?<  DESIGN 
MID  Sept. '84 


STEP  ONE  OUTPUT 


12  3  4 

NAME  Highland  Ave.   Highland  Ave.       Webster  St.  Webster  St. 

#THRU  LANES  2  2  12 

AVG  WIDTH  8  10  13  11 

*LT  LANES  0  0  0  0 

AVG  WIDTH  0  0  0  0 

*RT  LANES  0  0  0  0 

AVG  WIDTH  0  0  0  0 


STEP  TWO  OUTPUT 


1 

LT  VOL  21 

THRU  VOL  552 

RT  VOL  7 

RED  VOL  10 

TRUCK  7.  6.6 

BUS  STOP  0 


2  3  4 

111  82  9 

493  116  111 

74  56  133 

10  10  10 

3.5  2.0  2.0 

0  0  0 


STEP  FOUR  OUTPUT 


CYCLE (sees)  70 

CHANGE   INT  51 

LT  CAP  ON  CI  103 

G/C  .57 

OP  VOL  567 

LT  CAP  ON  GR  117 

LT  TOT  CAP  220 

LT  VOL  21 

F'ASS  CHK  t 


70  70  70 

51  51  51 

103  103  103 

.57  .42  .42 

559  244  172 

125  260  332 

228  363  435 

111  82  9 

t  t  t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0.92 
24 
640 
8 


2 

0.89 
129 
573 
86 


0.78 
107 
152 

73 


4 

0.76 
12 
149 
179 


D-6 


STEP  EIGHT  AND  NINE  A  OUTPUT 


A1B2 
A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
438 
361 
237 
379 


PROTECT  LT 
422 
314 
188 

380 


STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES  1   ?<  2 


438 
736 


1-one  phase  only 

8-two  phases,  di  recti  onal  split 


POSSIBLE  PHASES  APPROACHES  3  $<  4 


379 
568 


1-one  phase  only 

8-two  phases, directional  split 


Phasing   1&2       Phasing  3?<4  v/c 
1  1  0.45 


r>.  J-r. 


SUM  CV 
817 


Capaci  ty 
1800 


LOi 


T 
e 

8 


8 

i 

8 


0.59 
0.65 
0.79 


1007 
1115 
1305 


1720 
1720 
1650 


Identify  Lane  Geometry 


Approach  4 


Identify  Volumes,  in  vph 


M. 


tm.  342 

LT._2^ 


tm  .  STQ 


Assign  Lane  Volumes, 
in  vph 

AODro«ctl  3 


T 


fg 


44 

ITS.  


Wf 


B 
B 
D 


D-7 


CIRCULAR  212  WORKSHEET:  SIGNALIZED  INTERSECTION  -  OPERATIONS  &  DESIGN 
P.M.   Sept.  '84 


STEP  ONE  OUTPUT 


NAME 
#THRU  LANES 
AVG  WIDTH 
*LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 

STEP  TWO  OUTPUT 


Hi  ghl and 


1 

Ave . 

X. 

8 
O 
0 

o 

0 


Hi  ghl and 


Ave. 
2 
10 
0 

0 
0 
0 


Webster 


o 
St. 
1 

13 
0 

0 
0 
0 


Webster 


4 

St. 
2 
11 

0 
0 
0 
0 


LT  VOL 
THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  */. 
BUS  STOP 


1 

17 
485 
19 
10 
2.3 
O 


2 

387 
568 
54 
10 
1.8 
0 


>:> 
352 
75 
10 
0.4 
O 


4 
19 

123 
161 
10 
1 .  0 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 
OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


70 
51 
103 
.52 
622 
2 

105 
17 

t 


70 
51 
103 
.52 
504 
120 
223 
387 
f 


70 
51 
103 
.47 

284 

280 
383 
33 

t 


70 
51 
103 
.47 
427 
137 
240 
19 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0.  94 
19 

528 
21 


0.91 
433 
635 
60 


o 

0.89 

37 
397 
85 


4 

0.80 
24 
155 
203 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

622 
4.00 
1.20 
1.00 


2 

504 
2.00 
1 . 20 
1.00 


284 
1.00 
1 .  20 
1.00 


4 

427 
2.00 
1 . 20 
1.00 


A1B2 
A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
623 
1562 
519 
407 


PROTECT  LT 
571 
1215 
526 
387 


STEP  EIGHT  AND  NINE  A  OUTPUT 


A1B2 
A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
359 
820 
467 
213 


PROTECT  LT 

330 
638 
474 

203 


STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES  1   &  2 


820 
968 


1-one  phase  only 

8-two  phases, di recti onal  split 


POSSIBLE  PHASES  APPROACHES  3  Z<  4 


467 
677 


1-one  phase  only 

8-two  phases, direct ional  split 


Phasing   1S<2       Phasing  3S<4  v/c 
1*  1  0.71 


SUM  CV 
1287 


Capaci  ty 
1800 


S  1  T72D  

1*  8  0.87  1497  1720 

8  8  1.00  1645  1650 

t  This  phasing  may  be  inappropriate  due  to  left  turn  restrictions 
see  STEP  FOUR  OUTPUT  above 

if* 


LOS 
C 

TJ" 
D 
E 


Identify  Lane  Geometry 


A 


v.:  -4~ 


ID 


12' 


ID 


AppraSen  I 


Identify  Volumes,  in  vph 


ApDrotcft  3 
"1  


TH  ■ 


LT._n_ 

RT-  1° 


Xpproacn  * 


Assign  Lane  Volumes, 
in  vph 

Asoroaefi  3 

T 


XppraScS  4 


D-9 


CIRCULAR  212  WORKSHEET:    SIGNALIZED  INTERSECTION 


-  OPERATIONS  &  DESIGN 


A.M.    Install   X  Left  on  Highland  Ave.  WB 


STEP  ONE  OUTPUT 


12  3  4 

NAME  Highland  Ave.  Highland  Ave.       Webster  St.  Webster  St. 

#THRU  LANES  2  112 

AVG  WIDTH  8  10                         13  11 

#LT  LANES  0  10  0 

AVG  WIDTH  0  10                           0  0 

#RT  LANES  0  0                            0  0 

AVG  WIDTH  0  0                            0  0 


STEP  TWO  OUTPUT 


1 

LT  VOL  29 

THRU  VOL  570 

RT  VOL  7 

PED  VOL  10 

TRUCK  %  6.4 

BUS  STOP  0 


2  3  4 

94  58  11 

343  94  200 

44  16  388 

10  10  10 

7.7  2.4  1.2 

0  0  0 


STEP  FOUR  OUTPUT 


CYCLE (sees)  70 

CHANGE   INT  51 

LT  CAP  ON  CI  103 

G/C  .56 

OP  VOL  387 

LT  CAP  ON  GR  285 

LT  TOT  CAP  388 

LT  VOL  29 

PASS  CHK  t 


70  70  70 

51  51  51 

103  103  103 

. 56  . 43  . 43 

577  588  110 

95  0  406 

198  103  509 

94  58  11 

t  t  t 


STEP  SIX  OUTPUT 


12  3  4 

PHF                                             0.89                      0.90  0.88  0.84 

LT  VOL                                           35                         112  67  13 

THRU  VOL                                     681                         410  109  241 

RT  VOL                                             8                          53  19  467 


STEP  SEVEN  OUTPUT 

1 

OP  VOL  387 
F'CE  LTU  2.00 
PCE  LTP  1.20 
PCE  RT  1 . 00 


2  3  4 

577  588  110 

2.00  2.00  1.00 

1 . 05  1 . 20  1 • 20 

1 . 00  1 . 00  1 • 00 


UNPROTECT  LT         PROTECT  LT 


Bl  225  118 

A2  463  463 

A1B2  759  731 

A3B4  263  209 

A4B3  722  724 


STEP  EIGHT  AND  NINE  A  OUTPUT 


Bl 
A2 

A1B2 
A3B4 
A4B3 


UNPROTECT  LT 
225 
463 
43(3 
237 
379 


PROTECT  LT 
11B 
463 
422 
188 
3B0 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES  1    ?<  2 


463 

1-one  phase 

onl  y 

581 

2-two  phase. 

one  le-ft 

protected.no  overlap 

557 

3-two  phases 

, one  left 

protected , over 1 ap 

885 

8-two  phases 

, di  recti  onal 

spl  i  t 

POSSIBLE  PHASES  APPROACHES 

3  &  4 

379 

1-one  phase 

onl  v 

568 

8-two  phases 

, di  recti  onal 

spl  i  t 

Phasing  1&2 

Phasing  3&4 

v/c 

SUM  CV 

Capaci  ty 

LOS 

1 

1 

0.  47 

842 

1800 

A 

3 

1 

0.54 

935 

1 720 

A 

2 

1 

0.  56 

960 

1720 

A 

1 

8 

0 . 60 

1031 

1720 

B 

3 

8 

0.  68 

1125 

1650 

C 

2 

8 

0 .  70 

1 150 

1650 

C 

8 

1 

0.  74 

1264 

1720 

C 

8 

8 

0.88 

1454 

1650 

D 

Identify  Lane  Geometry 

Apor«*CH  ] 


1?   il  11\ 

Approach  « 


Identify  Volumes,  in  vph 


AM 


Adcwo.cb  3 


■  t.  23 

RT  » 


TH._2£. 


■T.  M- 
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CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  - 


OPERATIONS  &  DESIGN 


MID   Install    X  Left  on  Highland  Ave.  WB 


STEP  ONE  OUTPUT 


NAME 

#THRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


Highland  Ave. 

2 

8 
0 

0 

o 

0 


Highland  Ave. 

1 

10 
1 

to 
o 
o 


Webster  St. 

1 

13 
O 
0 
O 
O 


Webster  St. 

2 
1  1 
0 

0 

o 

0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
F  ED  VOL 
TRUCK  7. 
BUS  STOP 


1 

21 
552 
7 
10 
6.6 
O 


2 
111 
493 
74 
10 


3 
82 
116 
56 
10 
2.0 
0 


4 

9 

111 

133 
10 
2.0 
0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 
OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


70 
51 
103 
.69 
567 
261 
364 
21 

t 


70 
51 
103 
.69 
559 
269 
372 
111 
t 


70 
51 
103 
.  30 
244 
116 
219 
82 

t 


70 
51 
103 
.30 
172 
188 
291 
9 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0 . 93 
24 
633 
8 


2 

0.89 
129 
573 
86 


3 

0.  78 
107 
152 

73 


4 

0.76 
12 
149 
179 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

567 
2.00 
1 . 20 
1 .  00 


559 
2.00 
1 .  05 
1 .00 


244 
1 .00 
1 . 20 
1 .  00 


4 

172 
1.00 
1 . 20 
1 .00 


Bl 

A2 

A1B2 

A3B4 

A4B3 


UNPRUTECT  LT 
258 
659 
689 
332 
340 


PROTECT  LT 
136 
659 
670 
354 
342 


D-12 


STEP  EIGHT  AND  NINE  A  OUTPUT 


Bl 

A2 

A1B2 
A3B4 
A4B3 


UNPKOTECT  LT 
258 
659 
398 
299 
17B 


PROTECT  LT 
136 
659 
387 
318 
180 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES  1   &  2 


4 


659 

1-one  phase 

onl  y 

795 

2-two  phase. 

one  left  protected.no  overlap 

659 

3- two  phases 

,  one  left  protected , over 1 ap 

1046 

8-two  phases, directional 

spl  i  t 

POSSIBLE  PHASES  APPROACHES 

3  S<  4 

299 

1-one  phase 

onl  y 

498 

8-two  phases, directional 

spl  i  t 

Phasing  1S>.2 

Phasing  3S<4 

v/c 

SUM  CV 

Capaci  ty 

LOS 

1 

1 

0.53 

958 

1800 

A 

3 

1 

0 .  56 

958 

1720 

A 

2 

1 

0.  64 

1094 

1720 

B 

1 

8 

0.67 

1157 

1720 

C 

3 

8 

0.70 

1157 

1650 

C 

8 

1 

0.  78 

1345 

1720 

D 

2 

8 

0.78 

1293 

1650 

D 

8 

8 

0 .  94 

1544 

1650 

E 

Identify  Lane  Geometry 

Approach  3 


ApprotcnT 


Identify  Volumes,  in  vph\ 


LT 

TM  •. 
RT  •. 


1\ 


TM.  *a 
LT.  HI 


Ap(VO*ch  4 


) 

■i 


D-13 


CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  - 


OPERATIONS  S<  DESIGN 


P.M.   w/  xle-ft         tti^  A™£  *jj 


STEP  ONE  OUTPUT 


NAME 

KTHRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 

STEP  TWO  OUTPUT 


Highland  Ave.   Highland  Ave. 


e 

O 
0 

o 

0 


1 

10 

1 

10 
0 

0 


Webster  St. 

1 

13 
0 
0 
0 
0 


Webster 


4 

St. 

2 
11 

0 
0 
0 
0 


LT  VOL 
THRU  VOL 
RT  VOL 
RED  VOL 
TRUCK  7. 
BUS  STOP 


1 

17 
485 
19 
10 


387 
568 
54 
10 
1.8 
0 


•_■ 
33 
352 
75 
10 
0.  4 
0 


4 

19 
123 
161 

10 
1.0 
O 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 
OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


70 

51 
103 
.57 
622 

62 
165 

17 

t 


70 
51 
103 
.57 
504 
180 
283 
387 
■f 


70 
51 
103 
.42 

284 
220 
323 
33 


70 

51 
103 
.42 
427 

77 
180 

19 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0.94 
19 

528 
21 


0.91 
433 
635 
60 


3 

0.89 

37 
397 
85 


4 

0.80 
24 
155 

203 


STEP  SEVEN  OUTPUT 

OP  VOL 
F'CE  LTU 
PCE  LTP 
RCE  RT 


1 

622 
4.00 
1.20 
1 .  00 


2 

504 
2.00 
1 . 05 
1.00 


3 

284 
1 .00 
1 . 20 
1.00 


4 

427 
2.00 
1 . 20 
1.00 


Bl 

A2 

A1B2 
A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
866 
696 
623 
820 
519 
407 


PROTECT  LT 
455 
696 
571 
638 
526 
387 


STEP  EIGHT  AND  NINE  A  OUTPUT 


UNPROI EC 


Bl 

A2 

A1B2 

A2B1 

A3B4 

A4B3 


r  LT 
066 
696 
359 
820 
467 
213 


PROTECT  LT 
45b 
696 
330 
638 
474 
203 


STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES  1   ?<  2 


866 
1150 

814 
1025 


1-  one  phase  only 

2-  two  phase, one  left  protected, no  overlap 

3-  two  phases, one  left  protected , over 1 ap 
8-two  phases, di rectional  split 


POSSIBLE  PHASES  APPROACHES  3  &  4 


467 
677 


1-one  phase  only 

8-two  phases, direct ional  split 


Phasing   1S<2       Phasing  3S<4  v/c 


$  This 
see 


1  0.74 
1  0.74 
1  0.87 
8  0 . 90 

8  0.90 
1  0 . 94 

8  8  1 . 03 

2  8  l.U 

phasing  may  be  inappropriate 
STEP  FOUR  OUTPUT  above 


1* 

3 
8 
1* 
3 


SUM  CV  Capacity 

1333  1800 

1281  1720 

1492  1720 

1543  1720 

1491  1650 

1617  1720 

1702  1650 

1827  1650 
due  to  left  turn  restrictions 


Identify  Lane  Geometry 


Identify  Volumes,  in  vph 


Assign  Lane  Volumes, 
in  vph 

Aporoacn  3 


Intersection 


SUMMARY  OF  VEHICLE  MOVEMENTS 

Highland  Avenue  @  Gould  Street  &  Hunting  Road 


Date9Tl9"84  Day  Of  W^lc  Wednesday  W^th^rFair  65°FCommunity  Needham 

N 


I 
o 
< 

o 

DC 
CL 

< 


0 

0 

C 

Jt 

» 

o 

Tru 

dest 

# 

«> 
a 

CN 

< 

Z 

rH 

m 

o 

< 

ro 

m 

CO 

< 

Z 

4-> 

<D 
<D 

-P 
CO 

i— l 
3 

0 

u 
u 


611  718 


1166 


AM 


MID 


PM 


AM 
MID 
PM 


984 


800 


822 


Highland  Avenue 
(Street  Name) 

APPROACH  3 


AM 

MID 

PM 

%  Trucks 

3.25 

4  .  25 

2.07 

Pedestrians 

NA 

NA 

NA 

Peak 

Hours 

AM 
MID 
PM 


8:00-9:00 
12:00-1:00 
4:45-5:45 


100 

85 

37 

855 

692 

723 

29 

23 

62 

2 

o 

S 

< 

CL 

<x> 

CO 

H 

in 

m 

m 

r» 

r 

r> 

r- 

in 

rH 

CO 

ro 

o 

rH 

CO 

CO 

CO 

CTi 

CN 

r> 

i 

CN 

CN 

CN 

CN 

00 

ro 


CO 

ro 


o 


T 


U3 
iH 
00 


in 

CTi 
CN 


rH 


ro 

<N 

H 

CTi 

H 

H 

o 

iH 

ro 

O 

>«* 

rH 

H 

r-- 

in 

r- 

CN 

CN 

t 

k 

<T\ 

CO 

CTi 

O 

r*» 

ro 

V£> 

CN 

ro 

2 

□ 

2 

< 

I 

a 

APPROACH  4 


4.39 

5.13 

2.05 

NA 

NA 

NA 

%  Trucks 
Pedestrians 


Highland  Avenue 
(Street  Name) 


AM 

MID 

PM 

326  - 

199 

236 

1161 

AM 

517 

608 

1072 

998 

MID 

318 

191 

400 

1708 

PM 

1344 


1137 


1239 


Ifl 

o 

rj 
c 

•rH 

4J 

c 


CO 


CM 
I 

O 
< 
O 
oc 

CL 
CL 
< 


r- 

< 

rH 

z 

< 

• 

z 

rH 

CO 

• 

< 

H 

z 

0  0 

Jt  c 

o  a 

3  ~ 
t-  — 
»-  0 

«?  T3 

a 
CL 
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CIRCULAR  212  WORKSHEET :  SIGNALIZED  INTERSECT  I  (JIM  -  OPERATIONS  &  DESISM 
AM  9/84     ASSUME  ELIMINATION  OK  HUNTING  RD  RIGHT   TURN  EFFECTS 


STEP  ONE  OUTPUT 


NAME 

•THRU  LANtS 
AVG  WIDTH 
•LT  LANES 
AVG  WIDTH 
•RT  LANES 
AVG  WIDTH 


Hiahland  Ave.   Hi  phi  and  Ave. 


12 
1 

10 

0 
0 


12 
1 

10 

0 

o 


Gould  St. 

r-, 

1  1 

0 

o 
o 

0 


Hunt i  no 


4 

Rd . 

8 

0 
0 
0 
0 


STEP  TWO  OUTPUT 


LT  VOL 
THRO  VOL 
r  r  VOL 
F'ED  VOL 
TRUCK  V. 
BUS  STOP 


1 

100 
29 


0 


•7 

318 
517 

326 
5 

4.4 

0 


67 

27 

C" 

•.J 

6 . 3 

0 


4 

67 
275 
0 
5 

1.5 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 

G/C 

DP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


85 
42 
85 
.72 
843 
21 
106 
1 00 
t 


85 
42 
85 

.  72 

884 
0 
85 

3  IB 

-f 


85 
42 
85 
.27 
275 
49 
134 


85 
42 
85 
.27 
94 
230 
315 
67 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0 .  92 
112 
960 


0.  87 

382 
620 
391 


0 .  93 
254 
77 
31 


4 

0 .  9 1 

75 
307 
O 


STEP  SEVEN  OUTPUT 

UP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

843 
4 .  00 
1 .  05 
1 .  00 


884 
4.  00 
1 .  05 
1 .  00 


275 
1 .  00 
1 .  20 
1 .  00 


4 

94 
1 .  00 
1 . 20 
1 .  00 


B2 
Al 
Bl 
A  2 

A  3  b  4 
A  4  8  3 


UNPRDTECT  LT 
449 
993 
1526 
1012 
361 
381 


PROTECT  LT 
118 
993 
401 
1012 
412 
396 


> 


D-17 


STEP   EibHI    AND   NINE   A  OUTPUT 


mi 
Bl 

A4B3 


UNPRDTECT  L.T 
449 
521 
1526 
531 
190 
220 


PROTECT  LT 
IIS 
521 
401 
531 
216 
229 


STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES  1 


&  2 


IS  26 
932 
^  r?  t? 

932 

o  o 

1 050 
2048 
1052 


1-  one  phase  only 

2-  two  phase. one  left  protected.no  overlap 

3-  two  phases, one  left  protected , over 1 ao 

4-  two  phases. Poth  lefts  protected, no  overlap 

5-  three  phases, both  lefts  prot ect ed , over  1 ap 

6-  three  phases , 1 ead/1 ag , no  overlap 

7-  three  phases, lead /lag, overlap 

8-  two  Phases, di recti anal  split 


POSSIBLE  PHASES  APPROACHES  3  &  4 


220 
445 


1-one  phase  only 

S-two  phases. directional  split 


Phasi  nq 


3  1?<2 

Phasing  3&4 

v/c 

SLUM  CV 

Caoaci  ty 

LOS 

1* 

0.  66 

1  142 

1720 

B 

2 

1* 

0.  67 

1  152 

1 720 

B 

4 

1* 

0.  67 

1  152 

1720 

B 

1* 

0.  6C> 

1  142 

1650 

C 

8 

1  * 

0.  74 

1272 

1720 

c 

6 

1* 

0.  77 

1270 

1 650 

c 

5 

8 

0.  S3 

1367 

1 650 

D 

8 

0 .  S3 

1367 

1650 

D 

4 

8 

0.  83 

1377 

1650 

D 

2 

8 

0 .  83 

1377 

1 650 

D 

6 

S 

0.  91 

1495 

1650 

E 

8 

8 

0.91 

1497 

1650 

E 

1  * 

1* 

0.  97 

1747 

1800 

E 

1* 

8 

1.15 

1972 

1 720 

F 

7 

1* 

1 .  37 

2268 

1650 

F 

7 

8 

1 .51 

2493 

1650 

F 

Th  i  s 
see 


phasing  may  be  inappropriate  due  to  left  turn  restriction^ 

STEP  FOUR  OUTPUT  above 


Identify  Lane  Geometry 


i 
i 


t2' 


Assign  Lane  Volumes, 
in  vph 

Aocvoicr.  J 

T 
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CIRCULAR  212  WORKSHEET:    SIGNAL 1 2 ED   INTERSECTION  -  OPERATIONS  &  DESIGN 

I 

MID  9/84     ASSUME  ELIMINATION  OF  HUNTING  HQ  RIGHT  TURN  EFFECTS 


STEP  ONE  OUTPUT 


NAME 

t THRU  LANES 
AVG  WIDTH 
KLT  LANES 
AVG  WIDTH 
#'RT  LANES 
AVG  WIDTH 


Hi  ahl and 


1 

Ave . 

12 
1 

10 

0 
(j 


Highland  Ave. 

12 
1 

10 

0 
0 


Gould  St. 

1  1 

0 
0 
0 

o 


Hunti  no 


4 

Rd. 

a 
o 
o 
o 

0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
FED  VOL 
TRUCK  % 
BUS  STOP 


1 

85 
692 

cr 

4.3 

O 


191 

608 
199 

5.3 

0 


298 
81 
80 
5 

3.  1 

0 


4 

30 
101 
0 
5 

1.4 

0 


STEP  FOUR  OUTPUT 


CYCLE  (seer,) 
CHANGE  INT 
LT  CAP  ON  CI 

G/C 

OP  VOL 

Lf  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


85 
42 
85 
.  63 
807 
0 
85 
85 

f 


85 
42 
85 
.  63 
715 
41 
126 
191 
•f 


85 
42 
85 
.36 
101 
331 
416 
298 
t 


85 
42 
85 
.36 
161 
271 
356 
30 


STEP  SIX  OUTPUT 


PHF 
^  LT  VOL 

l'HRU  VOL 
RT  VOL 


1 

0.  89 
100 
81  1 

27 


0 .  96 

210 
667 
218 


0.  84 

366 
99 
98 


4 

O.  81 

38 
126 

0 


STEP  SEVEN  OUTPUT 

UP  VOL 
RLE  LTU 
PCE  LIP 
C'CL  RT 


1 

807 
4 .  00 
1  .  05 
1  .  00 


715 
4 .  00 
1 .  05 
1 .  00 


101 
1 .  00 
1 .  20 
1 .  00 


4 

161 
1 .  00 
1 .  20 
1 .  00 


*  B2 

Al 
£  1 


ft3B4 
A49  Z 


UNPR01 EC r  LT 
398 
838 
838 
885 
563 
164 


PROTECT  LT 
105 
83  S 
220 
885 
63  7 
172 


B2 
Al 
Bl 
A2 

A3B4 
A4B3 


UNPK01ECT  L r 
398 
440 
838 
465 
296 
95 


PKU I  EC  I  LT 
105 
440 
220 
465 
334 
99 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1   &  2 


838 

1 

685 

•5 
A. 

660 

685 

4 

66U 

C. 

789 

6 

1278 

7 

905 

a 

ie  onase  only 

>ia  phase,  one?  left  Drotected.no  overlao 
-two  phases. one  le+t  protected .  over  1  ap 

'jo  phases,  Poth  le-fts  protected.no  overlao 
5-three  phases ,  bot h  le-ft« 


-three  phases, lead/lag, no  overlap 
-three  phases, lead/lag, overlap 
-hum  phases,  di  recti  onal  split. 


POSSIBLE   PHASES   APPROACHES   3   ?;  4 


296 
433 


1-one  phase  only 

B-two  phases , d i rect i onal 


sd  1  i  t 


Phasing  l*.<2 


Phasing  38<4 


v/c 


SUM  CV 


Capaci  tv 


LOS 


2* 


0.  56 
0.  57 
0.  57 

0 .  58 


956 
980 
980 
956 


1720 
1720 
1720 
1650 


A 
B 
b 

e 


$  This 


1  *  1 

6  1 

5  8 
3*  8 
4  8 
2*  8 
b  1 
1*  8 

6  8 
8  8 

7  1 
7  hi 
phasing  may  be  inappropriate 
STEP  FOUR  OUTPUT  above 


0.  63 
0.  66 
0.  66 
0.  66 
0.  68 
0 .  68 
0.  70 
0.  74 
0.  74 
0.81 
0 .  95 
1  .  04 


due  to 


1 134 
1085 
1093 
1093 
1  118 
1 1 18 
1 200 
1271 
1 2^3 
1338 
1574 
171  1 
le-ft  turn 


r  estr 


1 800 
1650 
1650 
1 650 
1650 
1650 
1720 
1 720 
1650 
1650 
1650 
1650 
i  ct l ons 


identify  Lane  Geometry 


Identify  Volumes,  in  vph 

Aporoacn  3 


T 


TH  • 


LT  •  _LiL 


LT  •  


Assign  Lane  Volumes, 
in  vph 

Aocxn.cr  J 


h 
B 
B 
B 
C 
C 
C 
C 
C 
D 
E 
F 
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CIRCULAR  212  WORKSHEET :   SIGNALIZED  INTERSECTION  -  OPERATIONS  &  DESIGN 


PI1  9/84      ASSUME   EL1M1  NATION   OF   HUNT  1  Nb   RD   RIGHT   TUKN  EFFECTS 


STEP  ONE  OUTPUT 


NAME 

*THRU  LANES 
AVO  WIDTH 
ALT  LANES 
AVG  WIDVH 
frRT  LANES 
AVS  WIDTH 


Highland   Ave.    Hiqhland  Ave 


boul  d 


12 
1 

10 
0 
0 


12 
1 

10 

0 
0 


St. 

2 
1 1 

0 

0 
0 
0 


Hunta no  Rd 


H 
O 
0 
O 
0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VUL 
F'ED  VOL 
TRUCK  /. 
BUS  STOP 


1 

37 
723 
62 
5 

2.  1 

0 


400 
1072 
236 
5 

2.  1 

0 


317 
354 
67 
5 

1 .  2 

0 


4 

27 
114 
0 
5 
1.5 
O 


STEP  FOUR  OUTPUT 


CYCLE (seen) 
CHANGE  INT 
LT  CAP 
G/C 

DP  VOL 
LT  CAP 
LT  TOT 
LT  VOL 
PASS  CHK 


ON  CI 


ON  OR 
CAP 


B5 
42 
65 
.63 

130S 
O 
85 
37 

t 


85 
42 
85 

.  63 

785 
0 
85 

400 

f 


85 
42 
85 
.36 
114 
318 
403 
317 
t 


85 
42 
85 
.36 
421 
1  1 
96 
27 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VUL 
RT  VOL 


1 

0 .  90 
42 
B2U 
70 


0 .  95 
430 

1 152 
254 


0.  90 

356 
390 
75 


4 

0.84 
33 
138 
0 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LIP 
PCE  RT 


1 

1308 
6.  00 
1  .  05 
1  .  00 


785 
4 .  00 
1 .  05 
1 .  00 


114 
1  .  00 
1 .  20 
1 .  00 


4 

421 
2 .  00 
1 .  20 
1 .  00 


£2 

HI 

Bl 

A2 

A3B4 

A48  3 


UNPROTECT  LT 

891 
1720 
1406 
830 
203 


PROTECT  LT 
44 
891 
451 
1406 
901 
177 


B2 

Al 

Bl 

A2 

A3B4 

A  4  83 


UNPRQTECT  LT 
'.•'5 

468 
1720 
738 
436 
117 


PROTECT 


LT 
44 
468 
4S1 
738 
473 
102 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1   &  2 


1720 
1  189 
91V 
1  189 

919 
1233 
2 187 
1206 


1-  one  phase  only 

2-  two  phase, one  le-ft  Drotected.no  overlap 

3-  two  Dhases.one  le-ft  protected  ,  over  1  ao 

4-  two  phases,  both  le-fts  protected.no  overlap) 

5-  three  phases, both  le-fts  protected  ,  over  1  ap 

6-  three  phases . 1 ead/1 ag , no  overlap 

7-  three  phases, lead/lag, overlap 

8-  two  phases , di recti onal  split. 


POSSIBLE  PHASES  APPROACHES  3  S<  4 


436 
575 


1-one  phase  only 

B-two  phases, di recti onal 


sd3.  i  t 


Phasi  ng 


1  &2 

Phasing  3&4 

v/c 

SUM  CV 

Capaci  ty 

LOS 

1 

0.  79 

1355 

1720 

D 

cr 
u 

1 

0 .  82 

1355 

1650 

D 

5 

8 

0.91 

1494 

1650 

E 

8 

0.91 

1494 

1650 

E 

4 

1 

0.  94 

1625 

1720 

E 

'-> 

1 

0 .  94 

1625 

1720 

E 

8 

1 

0.  95 

1641 

1720 

E 

6 

1 

1.01 

1669 

1650 

F 

4 

8 

1.07 

1765 

1650 

F 

'I 

8 

1 .  07 

1765 

1650 

F 

8 

8 

1 .  08 

1781 

1650 

F 

6 

8 

1  .  10 

1 809 

1650 

F 

1* 

1 

1  .  20 

2155 

1 800 

F 

1* 

8 

1  .  33 

2295 

1 720 

F 

7 

1 

1 .  59 

2623 

1650 

F 

7 

8 

1  .67 

2762 

1650 

F 

This 

see 


phasing  mav  be  inappropriate  due  to 

STEP  FOUR  OUTPUT  above 


left  turn  restrictions 


Identify  Lane  Geometry 


Apom»c«  3 


intra  i2' 


 )h\\ 


Identify  Volumes,  in  vph 


3  E 


Aoo'o»cn  3 
1  


.  12i 


Appic 


At 


#3 


Assign  Lane  Volumes, 
in  vph 

AOCWD»Cft  3 
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Intersection. 


SUMMARY  OF  VEHICLE  MOVEMENTS 

Highland  Avenue  g  First  Avenue  


Date  9-18-84  Day  of  Week  Tuesday    Weather  Fair  60  F  Community  Needham 

N 


Highland  Avenue 


(Street  Name) 


APPROACH  2 

AM  MID  PM 


NA 

NA 

NA 

7 

22 

%Trucks 
Pedestrians 


AM 


MID 


PM 


1041 

1259 

2238 

AM 
MID 
PM 


2425 


1436 


1148 


AM 


MID 


1650 

1094 

961 

775 

342 

187 

Highland  Avenue 
(Street  Name) 


AM 

MID 

PM 

%  Trucks 

3.42 

6.  34 

4.79 

Pedestrians 

NA 

NA 

NA 

AM 
MID 
PM 


APPROACH  1 

Peak  Hours 

7:45-8:45 
12:30-1: 30 
4:15-5:15 


CN 


in 


< 

CO 

o 

CN 

< 

y& 

CN 

CN 

< 

*r 

Z 

H 

H 

"ST 

oo 

H 

CN 

o 

H 

CN 

CN 

2 

O 

2E 

< 

I 

fiL 

1041 

125? 

223? 

NA 

NA 

NA 

1764  1  13201  nsd  2 


104] 


AM 
3  MID 

2233PM 


• 

c 

• 

• 

o 

3 

0 

k 

• 

tJ 

• 

# 

lo 

e 

r- 

o 

rH 

• 

H 

rH 

ID 

1 

M 

1 

CO 
X 

o 
< 
O 
oc 
a 
a. 
< 
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JlPCULAR  212  WORKSHEET:  UNSIGNALl  ZED  -  3  APPROACHES 
•i .  M .    Bea  t  .  '  S4 


GENERAL   CHAKACT  ER I ST  I GS 

CONTROLS:  STOP 

PREVAIL INb  SPEED :    30  MPH 

MAIN  STREET  #  OF  LANES:    4  LANES 

MINOR  STREET  LANES 
APPROACH:    C:    First  Ave. 
EXCLUSIVE   LEFT   TURN  LANES:  N 
EXCLUSIVE  RIGHT   TURN  LANES' :  N 


VOLUMES 

AhpruACH             A:    Highland  Av  B:    Highland  Av  C:    First  Ave. 

LT       TH       RT       LT       TH  RT       LT     .  TH  RT 

VOLUME                            0    1650  775          0          0  0          0          0  114 

PERCENT  GRADE     0.00                       0.00  0.00 

PASS   CAR/HK                0                                O  0          0  125 


STEP   1   RIGHT  TURNS  FROM 
CONFLICT  I  Mb  FLOWS 
CRITICAL  SAPS 
CAP AC  1 1 V 
SHAKED  LANE 


STEP   2  LEFT    TURNS  FROM 
CONFLICTING  FLOWS 
CRI1  1CAL  bAh'S 
CAPACITY 
DEMAND 

CAPACITY  USED 

I MPEDANCE   F  ACTOR 

AVAILABLE  RESERVE 

DELAY 

LOS 


STEP   3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  OAF'S 
CAPACITY 
ADJUST   FOR  IMF 
SHARED   LANE  THRU 
CHARED   LANE  RIbHT 
SHARED   L.N  DEMAND 
CAPACITY   OF   SHAN ED  LN 
AVA 3 LABLE  RESERVE 
DELAY 

!  HP 


C :  Fi  rst  Ave . 

1213 
6 .  0 


Bi Highland  Ave. 

2425 

<!■•'   •     fa  J 

76 
0 

0 

1  .  00 
7  rl- 
Ver  v   Ion a  delay 
E 


C: F l rst   Ave . 

203 S 
S .  O 
29 
29 

Y 
Y 

125 

ioe 

Lena  traffic  delay 
D 


Identify  Lane  Geometry 


ir  — —  a 

24'  — ». 

\r~  ~ — .  j* 

 W' 

> 

15*1 

1 

r 

Identify  Volumes,  in  vph\ 


C 

j  Cl 

c 
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2  1.  k (JUL Ah!  212  W0KKSHLE1 :  UNS  I  GNAL  I  ZED 
r  y  MID   Se?Dt .    *  B4 


APPROACHES 


&ENERAL  CHARACTER  I  ST  1 CS 
CONTROLS!  STOP 
PREVAILING  SPEED!    30  MPH 
REMAIN  STREET       OF  LANES !    4  LANES 

MINOR  STREET  LANES 
APPROACH :    Ci    First  Ave . 
EXCLUSIVE  LEFT  TURN  LANES:  N 
I  EXCLUSIVE  RIGHT  TURN  LANES :  N 

.  VOLUMES 

APPROACH 

^  VOLUME 

PERCENT  GRADE 
PASS  CAR/HR 


A:   Highland  Av  hi    Highland  Av  C:    First  Ave. 


LT  TH 
0  1094 

0 .  oo 

0 


STEP   1   RIGHT  TURNS  FROM 
•^CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACI1  Y 
SHARED  LANE 


^STEP  2  LEFT    1  URNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
jSIMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


j$STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CKI1 ICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
g^SHARED   LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY  OF   SHARED  LN 
AVA I LABLE  RESERVE 
DELAY 
LOS 


J 


RT       LT  TH 
342         0  0 
0 .  00 

0 


RT  LT 

O  0 
0 .  00 

0 


TH 

0 


RT 

226 


0  249 


C: First  Ave. 

7  IS 
6 .  0 

422 

Y 


B: Highland  Ave. 

1436 


0 
0 

1 .  00 

Average  traf-fic  dela 

C 


C: First  Ave. 

1265 
S.  0 

99 
99 

Y 
Y 

249 
422 
174 

Long  trat-fic:  del  av 
D 


9» 
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Identify  Lane  Geometry 


121 


"is* 


1 

J 

Approacn  4 

Identify  Volumes,  in  vph 


♦ 


SpproaehT 


3 


Assign  Lane  Volumes, 
in  vph 


r 

3 


ICS foicnT 


i  J.  R'wULMh  212  WORKSHEET:  UNSIGNALI ZED  -  3  APPROACHbS 
c  .  !*! .   Sept .    '  B4 


&EIMERAL   CHAHACTEKISI  ICS 

CONTROLS:  STOP 

^'h'LVAlLlNb   SKbbD:    30  MPH 

MR  IN  STREET   #  UF  LANES:    4  LANES 

M  J. NUN   STREET  LANbb 
APPROACH:    G:    First  Ave. 
EXCLUSIVE  LEFT  TURN  LANbS:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


VOLUMES 

At-'FRuACH              A:    Hi  gh  land   Av  b:    Highland  Av  C:  First 

LT       TH       RT       LT       TH  RT  LT 

VOLUME                          0     961      187         0         0  0  0 

PERCENT  GRADE     0.00                        0.00  0.00 

PASS  CAR/HR                0                               0  0 


STEP   1  RIGHT  TURNS  FROM  C: First  Ave. 

CONFLICTING  PLOWS  574 
CRITICAL  GAPS  6.0 
CAPACITY  502 
SHARED  LANE  Y 


STEP  2  LEFT   1  URNS  FROM  B: Highland  Ave 

C D NFL I C TINS  F L UWS  114 S 

CRI1  ICAL  GAPS  5.5 

CAPACITY  309 

E'bMAND  0 

CAPACITY  USED  0 

IMPEDANCE  FACTOR  1.00 

AVAILABLE   RESERVE  309 

DELAY  Short  traffic  delay 

LOS  B 


STEP  3  LEFT  T  URNS  F ROM  C: First  Ave. 

CONFLICTING  FLOWS  1055 

CRI1 ICAL  SAPS  S. 0 

CAPACITY    '  139 

ADJUST  FOR    IMP  139 

SHARED   LANE   THRU  Y 

SHARED  LANE  RIGHT  Y 

SHARED  LN  DEMAND  229 

CAPACITY   OF   SHARED  LN  502 

AVAILABLE  RESERVE  273 

DELAY  Average  traffic   del  a 

LOS  C 


D-26 


SUMMARY  OF  VEHICLE  MOVEMENTS 

InterSPrt inn      Highland  Avenue  @  Wexford  Street  

Date9"18'84  Day  of  Week  Tuesd°y    Weather Ifili^_Communityi!ff^ 

N 


5 

CO  Q. 

z 

o 

<  a 
O  i 
c 

0. 

a. 

<  s 


00 
H 

CM  Z 


•  « 

s  ■ 


9 

« 
CL 


-P 

<D 
Q) 
M 
+J 
CO 

T3 

0 
M-l 
X 
CD 
5 


1088 

1196 

2180 

AM 
MID 
PM 


5 

O 

2 

< 

I 

CL 

H 

LO 

LD 

CN 

CN 

1 

1776 

AM 

MID 

PM 

274 

122 

99 

1182 

1092 

1502 

1060 

993 

CO 

o 

ro 

CN 

rH 

o 

o 

in 

CN 

>£> 

o 

rn 

CN 

rH 

APPROACH  2 
AM         MID  PM 


3.49 

7.21 

2.00 

NA 

NA 

NA 

%  Trucks 
Pedestrians 


Highland  Avenue 
(Street  Name) 


MID 


PM 


49 

45 

28 

952 

995 

1971 

1001 

AM 

1040 

MID 

1999 

PM 

1522 

1110 

1Q31 

Highland  Avenue 


(Street  Name) 
AM         MID   PM 


4.  82 

5.08 

3.48 

NA 

APPROACH  1 


%  Trucks 
Pedestrians 


AM 
MID 
PM 


Peak  Hours 


8:15-9:15 
12:30-1:30 
4:15-5:15 


• 
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CIRCULAR  212  WORKSHEET:    UNSIGNALI ZED 


-  3  APPROACHES 


A.M.    with  X  Le-ft/Riqht  on  Wexford  St. 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    4  LANES 

MINOR  STREET  LANES 
APPROACH:   C:    Wexford  St. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:   Highland  Av  B:   Highland  Av  C:  Wexford 


LT 

0 
00 


TH 


0.00 
92.  00 
4.  00 
4 .  00 


0 


STEP   1   RIGHT  TURNS  FROM 

CONFLICTING  FLOWS 

CRITICAL  GAPS 

CAPACITY 

DEMAND 

SHARED  LANE 

AVAILABLE  RESERVE 

DELAY 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
DEMAND 

AVAILABLE  RESERVE 

DELAY 

LOS 


RT 
49 


TH 

,02 


LT 

274  lb< 
0 .  00 

O.  00 
95 .  00 
2.00 
3 .  00 

285 


RT 

0 


TH 

O 


LT 

20 
0 . 00 

0.  00 
88.00 
6.  00 
6 .  00 
22  0 


St. 

RT 
136 


148 


C:Wexford  St. 

501 
5.0 
727 
148 
N 

579 

Little  or  no  delay 
A 


B:Highland  Ave. 

1001 
5.5 
363 
285 
79 
0.27 
78 

Very  long  delay 
E 


C: Wexford  St. 

2753 
7.0 
18 
5 

N 
N 

22 
-17 

Fai 1 ure 

E* 


Identify  Lane  Geometry 


Approach  3 


i4'  a  u% 


Hi 
13' 


12 
14-" 


Identify  Volumes,  in  vph 

Approach  3 

HT.  4^. 

TM  . 

\i 

♦ 

a 

m 

£ 

u 

3 

c 
• 

i 
< 

o 
< 

TH.J5SS 


Assign  Lane  Volumes, 
in  vph 

ApoTMcn  3 

T 


<f"" 'Tri- 


49 
4^ 


CIRCULAR  212  WORKSHEET:  UNSIGNAL IZED  -  3  APPROACHES 
MID  with  X  Left/Right  on  Wexford  St. 


GENERAL  CHARACTERISTICS 
CONTROLS:  YIELD 
%       PREVAILING  SPEED:    30  hPH 

MAIN  STREET  *  OF  LANES:    4  LANES 

MINOR  STREET  LANES 
APPROACH:   C:   Wexford  St. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
%       EXCLUSIVE  RIGHT  TURN  LANES:  Y 


VOLUMES 


APPROACH  A: 
VOLUME 

PERCENT  GRADE  0 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


Hi  ghl and 
LT  TH 
O  995 

00 

0.00 
93.  00 
3.00 
4 . 00 

0 


Av  B:  Highland 
RT       LT  TH 
45     122  1060 
0 . 00 

0.00 
95 . 00 
2.00 
3 . 00 

127 


Av  C: 
RT 

O 

O 


Wex-ford 
LT  TH 

50  0 

,  00 

0.00 
92.00 
4.00 
4 . 00 

53  O 


St. 

RT 
201 


213 


STEP   1   RIGHT  TURNS  FROM 

CONFLICTING  FLOWS 

CRITICAL  GAPS 

CAPACITY 

DEMAND 

SHARED  LANE 

AVAILABLE  RESERVE 

DELAY 

LOS 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
DEMAND 

AVAILABLE  RESERVE 

DELAY 

LOS 


C:  Wex-ford  St. 

520 
5.0 
713 
213 
N 

500 

Little  or  no  delay 
A 


B:Highland  Ave. 

1040 
5.5 
348 
127 
37 
0.71 
221 

Average  traffic  dela 
C 


C:Wexford  St. 

2200 
7.0 
39 
28 

N 
N 

53 
-25 


Identify  Lane  Geometry 


-  W 

*  13'' 


Identify  Volumes,  in  vph 


Approach  3 


TH-.222. 


172 


LT 


Fai 1 ure 


E* 


CIRCULAR  212  WORKSHEET:  UNSIGNALIZED 


-  3  APPROACHES 


P.M.   with   X  Le-ft/Right  on  Wexford  St. 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    4  LANES 

MINOR  STREET  LANES 
APPROACH:    C:   Wexford  St. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:   Highland  Av  B:   Highland  Av  C:   Wexford  St. 


LT 

0 

0 .  00 


TH 
1971 

0.  00 
98.  00 

1 .  00 
1 . 00 


RT 
28 


O 


LT 
99 

,  00 


TH 
993 

O.  00 
97 . 00 
1.00 
2 . 00 


RT 
0 


TH 

O 


101 


LT 

38 
0 . 00 

0.  00 
98.  00 
1.00 
t .  00 

39  0 


RT 
209 


212 


STEP   1   RIGHT  TURNS  FROM 

CONFLICTING  FLOWS 

CRITICAL  GAPS 

CAPACITY 

DEMAND 

SHARED  LANE 

AVAILABLE  RESERVE 

DELAY 

LOS 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
DEMAND 

AVAILABLE  RESERVE 

DELAY 

LUS 


C:We:<ford  St. 

1000 
5 .  0 
442 
212 
N 

230 

Average  traffic  dela 
C 


B:Highland  Ave. 

1999 
5.5 
121 
101 
84 
0.21 
20 

Very  long  delay 


C:Wexford  St. 

3077 
7.0 
12 
2 

N 
N 

39 
-36 

Fai 1 ure 

E* 


Identify  Lane  Geometry 


»4'  I 


W 
13'" 


1' 


13' 


Identify  Volumes,  in  vph 


T 


"2S 


AT  i 

TH.mi 


Assign  Lane  Volumes, 
in  vph 

Approach  3 

T 


A=\n 


Intersection. 


SUMMARY  OF  VEHICLE  MOVEMENTS 

Highland  Avenue  @  Second  Avenue 


Date  9/18/84  Day  of  Week  ^day    Weather  Fair  65  F  Community  Needham 

N 


Highland  Avenue 


(Street  Name) 


APPROACH  2 
AM  MID  PM 


9.93 

7.14 

1.59 

%Trucks 

4 

1 

0 

Pedestrians 

AM 


MIO 


PM 


972 

955 

1851 

AM 
MID 
PM 


1351 


984 


976 


AM 


MID 


1185 

873 

860 

1  1  1 

llfi 

Highland  Avenue 


(Street  Name) 


AM 

MID 

PM 

%  Trucks 

3.11 

8.  74 

3.  38 

Pedestrians 

0 

0 

0 

AM 
MID 
PM 


APPROACH  1 

Peak  Hours 

7: 30-8:30 
12: 30-1:30 
4:15-5:15 


i 

l. 

CT\ 

CM 

m 

00 

ID 

m 

ro 

m 

o 

2 

< 

5 

CL 

645 

754 

1013 

201 

269 

58 

846 

AM 

-4- 

1023 

MID 

1071 

PM 

1247 

1024 

977 

• 

C 

• 

a 

w 

u 

3 

• 

k. 

© 

• 

* 

a. 

• 

i— 1 

O 

rsi 

• 

— i 

H 

c-l 

in 

• 

m 

00 

rH 

CO 
X 

o 
< 
O 
CE 
£L 

< 
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CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  - 


OPERATIONS  ?<  DESIGN 


A.M.    Sept.  '84 


STEP  ONE  OUTPUT 


12                            3  4 

NAME  Highland  Ave.   Highland  Ave.     None  Present  Second  Ave. 

UTHRU  LANES  2  112 

AVG  WIDTH  12                          12                          10  12 

#LT  LANES  0                             10  0 

AVG  WIDTH  0                          12                           0  0 

#RT  LANES  0                            0                            0  0 

AVG  WIDTH  0                           0                           0  0 


STEP  TWO  OUTPUT 


1 

LT  VOL  0 

THRU  VOL  1185 

RT  VOL  166 

FED  VOL  0 

TRUCK  3.  1 

BUS  STOP  O 


2  3  4 

201  0  327 

645  O  O 

0  0  62 

4  0  5 

9.9  0.0  18.5 

0  0  0 


STEP  FOUR  OUTPUT 


CYCLE (sees)  68 

CHANGE   INT  53 

LT  CAP  ON  CI  106 

G/C  .77 

OP  VOL  645 

LT  CAP  ON  GR  279 

LT  TOT  CAP  385 

LT  VOL  0 

FASS  CHK  t 


68  68  68 

53  53  53 

106  106  106 

.77  .22  .22 

1351  62  0 

0  202  264 

106  308  370 

201  0  327 

■f  t  t 


STEP  SIX  OUTPUT 


1 

PHF  0.91 
LT  VOL  O 
THRU  VOL  1343 
RT  VOL  188 


2  3  4 

0.94  1.00  0.89 

235  O  435 

754  0  0 

O  O  83 


STEP  SEVEN  OUTPUT 

1 

OP  VOL  645 
FCE  LTU  4.00 
PCE  LTP  1.20 
FCE  RT  1.00 


2  3  4 

1351  62  0 

6.00  1.00  1.00 

t . 05  1 . 20  1 . 20 

1 .  00  1 .  00  1 .  00 


UNPROTECT  LT         PROTECT  LT 


Bl  1410  247 

A2  754  754 

A1B2  1531  1531 

A2B1  392  341 

A4B3  518  605 


STEP  EIGHT  AND  NINE  A  OUTPUT 


Bl 


UNPROTECT  LT         PROTECT  LT 
1410  247 


A2B1 
A4B3 


392 
272 


341 
318 


STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES  1   &  2 


1410 
1050 
1050 
1558 


1-  one  phase  only 

2-  two  phase, one  left  protected, no  overlap 

3-  two  phases, one  left  protected , over 1 ap 
8-two  phases, di rectional  split 


POSSIBLE  PHASES  APPROACHES  3  &  4 


272 
318 


Phasi  ng 

:xisr/>J6 


2 

•3 


o 

1* 

1* 

8 

8 


1-one  phase  only 

8-two  phases, direct ional 

Phasing  3&4  v/c 


spl  it 


0.77 
0 . 77 


SUM  CV 

1322 
1322 


8 
8 
1 
8 
1 
8 


0.  83 
0.83 

0.  93 

1 .  00 
1.06 
I.  14 


This 
see 


phasing  may  be  inappropriate  due  to 
STEP  FOUR  OUTPUT  above 


1368 
1368 
1682 
1728 
1830 
1875 
left  turn 


Capaci  ty 

1720 
1720 


LOS 

C 
C 


1650  D 

1650  D 

1800  E 

1720  F 

1720  F 

1650  F 
restr i  ct i  ons 


Assign  Lane  Volumes, 
in  vph 


D-33 


MID  Sept.  '84 


STEP  ONE  OUTPUT 


NAME 

*THRU  LANES 
AVG  WIDTH 
*LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


Hi  ghl and 


1 

Ave. 
2 
12 

O 

0 

o 

0 


Hi  ghl and 


Ave. 
1 

12 
1 

12 
O 
0 


None 


3 

Present 
1 

10 

o 

0 

o 

0 


Second  Ave. 

2 
12 
0 
0 
0 
0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
RED  VOL 
TRUCK  % 
BUS  STOP 


1 

0 

873 
1 1 1 

O 

8.7 

O 


2 

269 
754 
0 
1 

7.  1 

0 


3 
0 

o 

0 

o 

0.0 

0 


4 

201 
O 
151 
14 
14.2 
0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 
OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


68 
53 
106 
.81 
754 
218 
324 
0 

t 


68 
53 
106 
.81 
984 
0 

106 
269 
■f 


68 
53 
106 
.  18 
151 
65 
171 
0 

t 


68 
53 
106 
.  18 

O 

216 
322 
20 1 
t 


STEP  SIX  OUTPUT 


PHF 
LT  VOL 
THRU  VOL 
RT  VOL 


1 

0.94 
O 

1010 
128 


0.91 
317 
887 
O 


3 
00 

o 

0 
0 


4 

0.93 
247 

0 

185 


STEP  SEVEN  OUTPUT 

OP  VOL 
RCE  LTU 
PCE  LTP 
RCE  RT 


1 

754 
4.00 
1.20 
1.00 


984 
4.00 
1 .  05 
1.00 


3 
151 
1.00 
1 . 20 
1.00 


4 

0 

1.00 
1.20 
1.00 


Bl 

A2 

A1B2 
A2B1 
A4B3 


UNPROTECT  LT 
1266 

887 
1 138 

746 


PROTECT  LT 
332 
887 
1138 
649 
482 


STEP  EIGHT  AND  NINE  A  OUTPUT 


Bl 


UNPROTECT  LT 
1266 


PROTECT  LT 


Alibi 
A4B3 


/Mb 

227 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES  1    8<  2 


1266 
1220 
930 
1485 


1-  one  phase  only 

2-  two  phase, one  left  protected, no  overlap 

3-  two  phases, one  left  protected , over 1 ap 
8-two  phases , di recti onal  split 


POSSIBLE  PHASES  APPROACHES  3  8<  4 


227 
253 


1-one  phase  only 

8-two  phases, directional  split 


Phasing   1&2       Phasing  3&4  v/c 


1* 

2 
1* 

2 
8 
B 


B 
1 
1 
B 
B 
1 
8 


0.  67 


SUM  CV 


1157 


0.72 
0.83 
0.84 
0.88 
0.89 
1.00 
1 . 05 


Capaci  ty 
1720 


LOS 


This  phasing  may  be  inappropriat 
see  STEP  FOUR  OUTPUT  above 


e  due  to 


1183 
1493 
1447 
1519 
1473 
1712 
1738 
left  turn 


1650  C 

1800  D 

1720  D 

1720  D 

1650  E 

1720  E 

1650  F 
restri  ctions 


Identify  Lane  Geometry 


Approacn  4 


Identify  Volumes,  in  vph 


Approach  * 


• 
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CIRCULAR  212  WORKSHEET:    SIGNALIZED    INTERSECTION  -  URERAIlUNb  !£<  DLSibN 


P.M.    Sept.  '84 


STEP  ONE  OUTPUT 


NAME 

♦THRU  LANES 
AVG  WIDTH 
*LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


Highland  Ave.    Highland  Ave. 

2  1 


12 

0 
0 
0 

o 


12 
1 

12 
0 

0 


None  Present 
1 

10 
0 

0 
0 
0 


Second  Ave. 

2 
12 
0 

0 
0 
0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
FED  VOL 
TRUCK  7. 
BUS  STOP 


1 

0 

860 
116 
0 

3.  4 

0 


58 
1013 

0 
0 

1.6 

O 


3 
0 
0 
0 
0 

0.0 
0 


4 

838 
O 

117 
6 

1.5 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 
OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


68 
53 
106 
.67 
1013 
0 

106 

0 

t 


68 
53 
106 
.67 
976 
0 

106 
58 

t 


68 
53 
106 
.  32 
117 
267 
373 
0 

t 


68 

53 
106 


0 

384 
490 
838 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0.91 

O 

977 
132 


2 

0.89 
66 
1 156 

0 


3 
00 
0 
0 
0 


4 

0.86 
989 

0 

138 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

1013 
6.00 
1.20 
1.00 


976 
4.  00 
1.05 
1.00 


117 
1.00 
1.20 
1.00 


4 

0 

1.00 
1.20 
1.00 


Bl 
A2 

A1B2 
A4B3 


UNPROTECT  LT 
265 
1156 
1 109 
1127 


PROTECT 


LT 
70 
1156 
1 109 


STEP  EIGHT  AND  NINE  A  OUTPUT 


Bl 

A2 


UNPROTECT  LT 


1 156 

C.  O'l 


PROTECT 


LT 
70 
1156 


STEP  TEN  OUTPUT 


v  %  POSSIBLE  PHASES  APPROACHES   1  S< 


1156 
1226 
1  156 
1739 


1-  one  phase  only 

2-  two  phase, one  le-ft  protected,  no  overlap 

3-  two  phases,  one  le-ft  protected ,  over  1  ap 
8-two  phases, da  recti onal  split 


POSSIBLE  PHASES  APPROACHES  3  &  4 


696 


1-one  phase  only 

8-two  phases, di rect i onal  split 


%  Phasing   1&2       Phasing  3&4  v/c 


SUM  CV 


Capaci  ty 


LOS 


1 


1* 

1* 


0.97 
1.02 


1748 
1748 


1800 
1 720 


E 
F 


1 

3 

«5 


1* 

8 
8 
8 
1* 

8 


06 
08 
12 
16 
35 
48 


Th 
s 


I  s 
ee 


8 
8 

phasing  may  be  inappropriate 
STEP  FOUR  OUTPUT  above 


due  to 


1818 
1852 
1852 
1922 
2330 
2434 
left  turn 


1720  F 

1720  F 

1650  F 

1650  F 

1720  F 

1650  F 
restrictions 


Identify  Lane  Geometry 


7^ 


It 


T 


Approacn  4 


Identify  Volumes,  in  vph 


TH 


.JOQ. 


TH  ■ 

RT  ■ 


8(o0 
life 


Kpproach  4 


Assign  Lane  Volumes, 
in  vph 


4?o 


MPpTMon  4 


D-37 


rTRT.lllAR   212  WORKSHEET:    SIGNALIZED    INTERSECTION   -  □EEKHTTHBb   JS<  DLS1GN 

CIRCULAR   212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  &  DESIGN 


AM  ADD   XR1GHT  TO  SECOND  AVE     ADD  ADDITIONAL  THROUGH    (XLEFT)    TO  HIGHLAND  AVE 


STEP  ONE  OUTPUT 


NHME 

*  THRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


Highland  Ave.    Hiahland  Ave. 


12 

O 
0 
0 
0 


1 1 
1 

10 

0 

0 


None 
1 

10 
0 
0 
0 
0 


Second  Ave. 

1  1 

0 

0 

1 

10 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
F'ED  VOL 
TRUCK  7. 
BUS  STOP 


1 

0 

1  185 
166 

O 

3.  1 

0 


201 
645 
0 
4 

0.9 

0 


0 
0 
0 
0 

0 . 0 


4 

327 
O 
62 
5 

18.  5 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 

G/C 

DP- VOL 

LT   CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


68 
53 
106 
.80 
645 
315 
421 
0 

t 


68 

53 
106 
.  80 
1351 

0 

106 
201 
f 


68 
53 
106 
.  19 
62 
166 
272 
0 


68 

106 
.  19 

O 

228 
334 
327 


STEP  SIX  UUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0 .  9  1 

0 

1343 
188 


0 . 94 
216 

692 
0 


0 .  00 

0 
0 
0 


4 

0.89 
435 

0 
83 


STEP   SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

645 
4.  00 
1  .  20 
1 .  00 


1351 
6.  00 
1 .  05 
1 .  00 


•7 
■ — 1 

62 
1  .  00 
1 .  20 
1 .  00 


4 

0 

1 .  00 
1 .  20 
1.00 


El 

A2 

A1B2 
A4B3 


UNPROTECT  LT 
1295 

692 
1531 

435 


PROTECT  LT 
227 
692 
1531 
522 


STEP  EIGHT  AND  NINE   A  OUTPUT 


£1 

A  2 


UNPROTECT  LT 
1295 

363 


PROTECT  LT 
227 

36  3 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1   S<  2 


it 


1295 

1-one  phase 

on  1  y 

1 030 

2— two  phase. 

one  left 

protected, no  overlap 

1  030 

3- two  phases 

, one  1  ef  t 

protected . over  1 ap 

1 167 

8-two  phases , di recti onal 

spl  i  t 

POSSIBLE  PHASES  APPROACHES 

3  S<  4 

229 

1-one  phase 

onl  v 

274 

8-two  phases 

, directional 

sp  lit 

Phasing  1?<2 

Phasi  ng  38<4 

v/c 

c;i  im  ru 
sun  L/V 

Capaci t v 

i  nc 

1 

0.  73 

1259 

1  T~>l'\ 
1  l  £\} 

n 
u 

2 

1 

0 .  73 

1259 

1  ~7'~>t~\ 
1  /i'J 

2 

8 

0.  79 

1304 

1  ojU 

1} 

3 

8 

0 .  79 

1 304 

1650 

D 

8 

1 

0.  81 

1396 

1720 

D 

1* 

1 

0.  85 

1523 

1  BOO 

D 

8 

8 

0.  87 

1441 

1650 

D 

1* 

8 

0.91 

1569 

1 720 

E 

X  This 

see 


phasing  may  be  inappropriate  due  to 
STEP  FOUR  OUTPUT  above 


le-ft  turn  restrictions 


Identify  Volumes,  in  vph 


TH-lffiL 


TH  • 


IT-  2fel 


Appro* 
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CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  &  DESIGN 


MID  ADD   XRIGHT   TO  SECOND  AVE     ADD  ADDITIONAL  THROUGH    (XLEFT)    TO  HIGHLAND  AVE 


STEP  ONE  OOTPUT 


NAME 

#THRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
ftRT  LANES 
AVG  WIDTH 


Hi  qhl and 


1 

Ave. 

12 

0 
0 
O 
0 


Highland  Ave. 

11 
1 

10 

o 

0 


None 
1 

10 

0 
0 
0 
0 


Second 


4 

Ave . 

2 

1  1 

0 
0 
1 

10 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
RED  VOL 
TRUCK  7. 
BUS  STOP 


1 

0 

633 
111 

0 

8.  7 

0 


269 
754 
0 
1 

7.  1 

O 


3 
O 
0 

o 

0 

0 . 0 

0 


4 

201 
O 
151 
14 
14.2 
0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 

G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


68 
53 
106 
.71 
754 
98 
204 
0 

t 


68 

irr  t 
D-J 

106 
.71 
744 

108 
214 
269 
f 


68 
53 
106 
•  28 
151 
185 
291 
0 

t 


68 
53 
106 
.28 

O 

336 
442 
201 
t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0 .  94 

0 

732 
128 


0.91 
317 
887 
0 


3 

0 .  00 

0 
0 
0 


4 

0.  93 
247 

0 

185 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

754 
4.  00 
1 .  20 
1.00 


744 
4.  00 
1 .  05 
1 .  00 


151 
1 .  00 
1 .  20 
1 . 00 


4 

0 

1 .  00 
1 .  20 
1 .  00 


Bl 

A2 

ft  1 B2 
A4B3 


UNPROTECT  LT 
1266 
887 
860 
247 


PROTECT  LT 

887 
860 
296 


STEP   EIGHT  AND  NINE  A  OUTPUT 


Bl 


UNPROTECT  LT 
1266 


PROTECT  LT 


A4B3**  IBS  185 

*  *  The  critical  lane  volume  occurs  in  the  exclusive  right  turn  lane(s) 
STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1  S<  2 


1266 
790 
784 
910 


1-  one  phase  only 

2-  two  phase,  one  le-ft  protected.no  overlap 

3-  twa  phases,  one  le-ft  protected . overl ap 
8-two  phases, directional  split 


POSSIBLE  PHASES  APPROACHES  3  S<  4 


185 
185 


1-one  phase  only 

8-two  phases , di recti onal  split 


Phasing  Ik- 


Phasing  3&4  v/c 


SOM  CV 


Capac  i  ty 


LOS 


0 .  56 


970 


1720 


4| 


4| 


8 
8 

1* 
1* 


1 
8 
8 
1 
8 
1 
8 


O.  57 
0 .  59 
0 .  60 
0.  64 
O.  67 
0.81 
O.  84 


984 
970 
984 
1 103 
1 1 03 
1452 
1452 


1720 
1650 
1650 
1 720 
1  650 
1 800 
1720 


h 
B 
b 
B 
B 
D 
D 


This  phasing  may  be  inappropriate  due  to  le-ft  turn  restrictions 
see  STEP  FOUR  OUTPUT  above 


identify  Lane  Geometry 


n' 


i — -  ii' 


14 


Approacn  4 


Identify  Volumes,  in  vph 


TH.m 


ApCKOiC 


Assign  Lane  Volumes, 
in  vph 


D-41 


CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  &  DESIGN 

PM  ADD   XRIGHT  TO  SECOND  AVE     ADD  ADDITIONAL  THROUGH    CXLEFT)    TO  HIGHLAND  AVE 


STEP  ONE  OUTFIT! 


NAME 

fr THRU  LANES 
AVG  WIDTH 
*LT  LANES 
AVG  WIDTH 
*RT  LANES 
AVG  WIDTH 


Highland  Ave.    Highland  Ave. 


0 
0 
0 
0 


11 

1 

10 

0 
0 


None 
1 

10 

0 

o 

0 
0 


Second  Ave. 

2 
1  1 

0 

0 

1 

10 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
RED  VOL 
TRUCK  7. 
BUS  STOP 


1 

(.') 

S60 
116 

0 

3.4 

0 


SB 
1013 

0 
0 

1  .  6 

0 


0 


3 
0 
0 
0 
0 
0 
0 


4 

838 
0 

117 

6 

1 .  5 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 

G/C 

OF  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


68 
u  _•> 
106 
.54 
1013 
0 

106 

O 

t 


68 
S3 
106 
.  54 
976 
0 

106 

58 

t 


68 
53 
106 
.45 
117 
423 
529 
0 

t 


68 
53 
106 
.45 

0 

540 
646 
838 
f 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0 .  9 1 

0 

977 
132 


O.  89 
66 
1156 

0 


0 .  00 

0 

o 

0 


4 

0.  86 

989 
0 

138 


STEP  SEVEN  OUTPUT 

DP  VUL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

1013 
6.  00 
1 .  20 
1 .  00 


976 
4.  00 
1 .  05 
1 .  00 


117 
1 .  00 
1 .  20 
1 .  00 


4 

0 

1  .  00 
1 .  20 
1 .  00 


Bl 
A  2 

aib: 

A4B: 


UNPROTECT  LT 
265 
1  156 
1 109 

989 


PROTECT  LT 
70 
1 156 
1 109 
1187 


STEP   EIGHT   AND  NINE   A  OUTPUT 


UNPROTECT   LT  PROTECT  LT 

265  70 


A4B3  319 
STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES   1   &  2 


623 


607  1-one  phase  only 

677  2-two  phase,  one  le-ft  pratected.no  overlap 

652  3-two  phases, one  left  protected , over  1 ap 

1189  8-two  phases, directional  split 


POSSIBLE  PHASES  APPROACHES  3  &  4 


519 
623 


l-one  phase  onily 

8-two  phases, directional  split 


Phasing   1&2       Phasing  3&4  v/c 
1 


1* 

1* 


0.  63 

0 .  68 


SUN  CV 

1126 
1171 


Capaci  tv 

1800 
1720 


8 
8 


1* 

8 
8 
8 
1* 

8 


0.  70 
0 .  72 
0.  77 
0.  79 
0 .  99 
1.10 


1  196 

1230 
1275 
1 300 
1709 
1812 


1720 
1720 
1650 
1650 
1720 
1650 


*   This  phasing  may  be  inappropriate  due  to  le-ft  turn  restrictions 
see  STEP  POUR  OUTPUT  above 


4» 


identify  Lane  Geometry 


11' 

c 

O 

Tv 

C 

o 

ID' 

m 

O 

a 

a 
a 

< 

< 

AppraacnT 


Identify  Volumes,  in  vph 


TH.M3 

lt.  rift 


rt  ■  n 


Assign  Lane  Volumes, 
in  vph 


1Kb 


I 


Approach  4 


LOS 

B 

C 


c 
c 
c 

D 
E 
F 
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SUMMARY  OF  VEHICLE  MOVEMENTS 

Intersection  Needham  Street  @  Oak  Street  &  Christina  Street 

Date  9A8/84   Hay  Of  WfiPk  Tuesday       W^t^r  Fair  60°F  Community  Newton 


-a  * 


z 

o 
< 
o 

0- 

a. 
< 


H 

< 

• 

2 

rH 

rH 

CO 

2 

m 

m 

< 

0) 
0) 

-P 
CO 

o 


Needham  Street 


(Street  Name) 
APPROACH  3 


AM 


MID 


PM 


%  Trucks 
Pedestrians 


3.  94 

2.69 

2.29 

NA 

NA 

NA 

AM 
MID 
PM 


Peak  Hours 

7:45-8: 45 
12:00-1:00 
4:30-5:30 


2 

O 

2 

< 

2 

Q. 

i  ^ 

rH 

00 

in 

CM 

CM 

'  T 

O 

T 

CO 

00 

iH 

co 

CN 

.H 

(N 

O 

iH 

i— 1 

V£> 

CTi 

i 

CN 

CN 

CM 

iH 

844 

950 

1083 

AM 

MID 

PM 

AM 

1193 

102 

100 

106 

MID 

1114 

989 

984 

859 

PM 

1006 

102 

30 

41 

in 
in 

co 


r- 

CM 


co 

CN 
CN 


T 


o 


co 

iH 


N 


APPROACH  4 


MID 


PM 


5.48 

4.68 

2.52 

NA 

NA 

%  Trucks 
Pedestrians 


Needham  Street 


(Street  Name) 


AM 

MID 

PM 

78 

151 

190^ 

784 

AM 

674 

816 

1005 

MID 

858 

32 

38 

22 

1070 

PM 

- 


1110 


1122 


995 


in 

CTi 

CN 

CTi 

in 

in 

-P 

CD 

cu 

00 

in 

vo 

u 

rH 

CN 

co 

CO 

id 

c 

CO 

~<7\ 

■H 

CN 

-P 

CO 

•H 

i 

k 

U 

CT\ 

rH 

r> 

o 

rH 

<N 

O 

2 

< 

2 

Q. 

CM 
I 

o 
< 
o 

a 
< 


CTi 

< 

e 

2 

o 

< 

in 

2 

e 

CN 

< 

• 

2 

m 

• 

je 

c 

o 

S 

3 

u 

m 

o 

* 

TJ 

e 

a 
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CIRCULAR  212  WORKSHEET :  UNSIGNALI ZED  -  4  APPROACHES 
A.M.    Sept.  '34 


GENERAL  CHARACTERISTICS- 
CONTROLS:  YIELD 
►    PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 


MINOR  STREET  LANES 
APPROACH:    C:    Christina  St. 
EXCLUSIVE  LEFT  TURN  LANES:  N 
<)*    EXCLUSIVE  RIGHT   TURN  LANES:  N 


«       APPROACH:    D:    Oak  St. 

EXCLUSIVE  LEFT   TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:    Needham  St.    B:    Needham  St.    C:    Christina  S  D:    Oak  St. 


LT 

102 
0 .  00 


TH 

9B9 

0 .  00 
96 .  00 
2 .  00 
2.  00 


RT 
1  02 


LT 


0  .on 


TH 

674 

0.  00 
95.  00 

2 .  00 

3.  00 


RT 
7S 


0 


LT 
44 

Of) 


0. 
98, 
1  , 
1 , 


105 


4S 


TH 

43 

00 
00 
00 
00 
44 


RT 
29 


u 


29 


LT  TH 

92  29 
00 

0 .  00 
96.  00 
2 .  00 
2 .  00 

95  30 


RT 

126 


130 


STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 


C: Christina  St. 

1040 
5.  0 
424 
29 
7 

0.  96 

Y 


D:Oak  St. 

713 
'    5 .  0 
588 
130 

0.  84 

Y 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY- 
DEMAND 
■  *  CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


B: Needham  St.  A: Needham  St. 

1091  752 

5 .  0  5 .  0 

403  566 

33  1 05 

8  19 

0.95  0.87 

370  461 
Short   tra-f-Fic  delay  Little  or   no  delay 

B  A 


STEP  3   THRU  MOVES  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE  LEFT 
SHARED  LANE  RIGHT 


C: Chr 1 


it  i  na  St . 
1926 
6.  0 
99 
82 
44 
53 
54 


0 


Y 
Y 


D:Qak  St. 

193S 
6 .  0 
98 
81 
30 
37 
0 .  7 1 
Y 
Y 


STEP  4   LEFT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY  OF  SHARED  LN 
AVAILABLE  RESERVE 
DELAY 


C:Christina  St. 

2081 
6.5 

62 

30 

Y 
Y 

118 
57 
-61 


Fai 1 ure 


E* 


identify  Lane  Geometry 


Identify  Volumes,  in  vph 


s-  r: 


-1 


Aoixo»cn  3 


D:Oak  St. 

20 1 0 
6.5 

68 
29 

Y 
Y 

254 
67 
-188 

Fai 1 ure 

E* 


Assign  Lane  Volumes, 
in  vph 


\1U  1 


18 


Approves*  A 
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CIRCULAR  212  WORKSHEET  I    UNSIGNALIZED  -  4  APPROACHES 


MID  Sept.  '84 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 


MINOR  STREET  LANES 
APPROACH:   C:   Christina  St. 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH:    D:   Oak  St. 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


VOLUMES 


APPROACH            A:   Needham  St.   B:   Needham  St.   C:   Christina  S  D:   Oak  St. 

LT       TH  RT       LT       TH  RT       LT       TH  RT       LT       TH  RT 

VOLUME                      100     984  30       38     816  151        18       25  36     102       23  116 

PERCENT  GRADE     0.00  0.00  0.00  0.00 

PERCENT  CYCLES              0.00  0.00  0.00  0.00 

PASSENGER  CARS           97.00  95.00  92.00  94.00 

PERCENT  LT  TRU              1.00  2.00  4.00  3.00 

PERCENT  HV  TRU             2.00  3.00  4.00  3.00 

PASS  CAR/HR            103  40  19       26  38     107       24  121 


STEP  1  RIGHT  TURNS  FROM  C: Christina  St.  D:Oak  St. 

CONFLICTING  FLOWS  999  892 

CRITICAL  GAPS  5.0  5.0 

CAPACITY  442  492 

DEMAND  38  121 

CAPACITY  USED  9  25 

IMPEDANCE  FACTOR  0.95  O. B2 

SHARED  LANE  Y  Y 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
.AVAILABLE  RESERVE 
DELAY 
LOS 


B: Needham  St. 


Short 


1014 
5.0 
435 
40 
9 

0 .  95 
396 
tra-f  f  i  c 
B 


A: Needham  St. 
967 
5 . 0 
456 
103 


delay  Short 


0.84 
354 

tra-f-fic  delay 
B 


D-47 
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STEP  3  THRU  MOVES  FROM  C: Christina  St.  D:Oak  St. 

CONFLICTING  FLOWS  2104  2044 

CRITICAL  GAPS  6.0  6.0 

CAPACITY  80  86 

ADJUST  FOR   IMP  63  68 

DEMAND  26  24 

CAPACITY  USED  42  35 

IMPEDANCE  FACTOR  0.66  0.72 

SHARED  LANE  LEFT  Y  Y 

SHARED  LANE  RI6HT  Y  Y 


STEP  4  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY  OF  SHARED  LN 
AVAILABLE  RESERVE 
DELAY 
LOS 


C:Christina  St. 

2243 
6.5 

50 
23 

Y 
Y 

84 
64 
-20 


Fai 1 ure 


E* 


Identify  Lane  Geometry 


Identify  Volumes,  in  vph 


Aoixokh  3 


•J5I 


LT 


LT  i 
TM 
RT 


— t  L_  •-  X  ►■ 

Approach  *        *~  c 


D:Oak  St. 

2105 
6.5 

60 

30 

Y 
Y 

252 
60 
-192 

Fai 1 ure 

E* 


Assign  Lane  Volumes, 
in  vph 

Aooroacn  3 

~T 

A 


—  w li r 


Xpproacn  4 
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1     CIRCULAR  212  WORKSHEET:    UNS IGNAL I ZED  -  4  APPROACHES 
P.M.    Sept.  '84 


GENERAL  CHARACTERISTICS 
>     CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  *  OP  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:   C:   Christina  St. 
(I     EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH:    D:   Oak  St. 
EXCLUSIVE  LEFT  TURN  LANES:  N 
i     EXCLUSIVE  RIGHT  TURN  LANES:  N 


VOLUMES 

APPROACH            A:   Needham  St.   B:   Needham  St.   C:   Christina  S  D:   Oak  St. 

LT       TH  RT       LT       TH  RT       LT       TH  RT       LT       TH  RT 

VOLUME                      106     859  41        22     858  190       95       59  52       84       44  130 

PERCENT  GRADE     0.00  0.00  0.00  0.00 

PERCENT  CYCLES             0.00  0.00  0.00  0.00 

PASSENGER  CARS           98.00  97.00  99.00  99.00 

PERCENT  LT  TRU              1.00  1.00  0.00  0.00 

PERCENT  HV  TRU              I . 00  2.00  1.00  1.00 

PASS  CAR/HR           108  23  96       60  53       85       44  131 


STEP  1  RIGHT  TURNS  FROM  C: Christina  St.  D:Oak  St. 

CONFLICTING  FLOWS                                                880  953 

CRITICAL  GAPS                                                      5.0  5.0 

CAPACITY                                                                498  463 

DEMAND                                                                         53  131 

CAPACITY  USED                                                          11  28 

IMPEDANCE  FACTOR  0.94  0.79 

SHARED  LANE                                                            Y  Y 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


B: Needham  St. 


Little 


900 
5.0 
488 
23 
5 

0.98 
465 
or  no 
A 


delay  Short 


A: Needham  St. 
1048 
5 . 0 
421 
108 
26 
0.81 
313 

traffic  delav 
B 


D-49 


r 


STEP  3  THRU  MOVES  FROM  C:Christina  St.  D'Oak  St 

CONFLICTING  FLOWS  2056  fop, 

CRITICAL  GAPS  &  0 

CAPACITY  8^ 
ADJUST  FOR  IMP  6y 
DEMAND  .  6Q 

CAPACITY  USED  89  7^ 

IMPEDANCE  FACTOR  0   15  O  47 

SHARED  LANE  LEFT '  -  y  V 

SHARED  LANE  RIGHT  Y  Y 


STEP  4  LEFT  TURNS  FROM  C: Christina  St.  DrOak  St 

CONFLICTING  FLOWS  22^.0 

CRITICAL  GAPS  Q~5 

CAPACITY  5 j 

ADJUST  FOR   IMP  15 

SHARED  LANE  THRU  '  Y 

SHARED  LANE  RIGHT  y 

SHARED  LN  DEMAND  208 

CAPACITY  OF  SHARED  LN  ~28 

AVAILABLE  RESERVE  _180 

DELAY  Failure 
LOS 


2230  2092 

6.5 
61 
7 

Y 
Y 

261 
20 
-241 

Fai  1  Lire 
E*  E* 


Identify  Lane  Geometry 


»oon)K»  3 


ApprMcn  * 


Identify  Volumes,  in  vph 


Aec*o»en  3 


RT  • 


th.  as*> 

LT.  T> 


Approacfi  . 


XI 
I-  X 


Assign  Lane  Volumes, 
in  vph 

AotVMCfi  3 

T 


IT 


s 
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CIRCULAR  212  WORKSHEET I    SIGNALIZED   INTERSECTION  -  OPERATIONS  &  DESIGN 

AM  INSTALL  SIGNALS  WITH  EXCLUSIVE  LEFT  LANES  ON  NEEDHAM  ST.  REDUCE  RIGHT  TURN  K 
K'OM  OAK  ST  KY  15"/. 

STEP  ONE  OUTPUT 


NAME 

# THRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


Need ham  St. 

1 

12 
1 

12 

0 
0 


Needham  St. 

1 

12 
1 

12 

0 

o 


Oak  St.    Christina  St. 


1 

12 
0 
0 
1 

10 


1 

12 

0 

o 
o 

0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
RED  VOL 
TRUCK  7. 
BUS  STOP 


1 

102 
989 
102 
0 

3.9 

0 


32 
674 

7  a 

0 

5.5 

0 


92 
29 
107 

0 

4.5 

O 


4 
44 

43 

29 
0 

1.7 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 

G/C 

OP  VOL 

LT  CAP  ON  GE- 
LT TOT  CAP 
LT  VOL 
RASS  CHK 


60 
60 
120 
.  90 
752 
328 
448 
102 
t 


60 
60 
120 
.  90 
1091 
0 

120 


60 
60 
120 
7.9 .  90 
72 
'/.  1  1  BOB 
7.1  1928 
92 

t 


60 

60 
120 

7.9.90 
136 

7.1 1744 

7.1  1864 

44 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
>  THRU  VOL 
RT  VOL 


0.  90 
1 18 

1 142 
118 


0 .  8B 

38 
BOB 
94 


0.  8B 
109 
34 
127 


4 

0.  88 
51 
50 
34 


STEP  SEVEN  OUTPUT 

OP  VOL 
\  RLE  LTU 

PCE  LTP 
RCE  RT 


1 

752 
4 .  00 
1 .  05 
1  .  00 


1091 
6 .  00 
1 .  05 
1 .  00 


1  .  00 
1 .  20 
1 .  00 


4 

136 
1 .  00 
1 .  20 
1 .  00 


B2 
\  Al 


Bl 
A2 

A3B4 
A4B3 


UNPROTECT  LT 
471 
1259 
230 
902 
144 
134 


PROTECT  LT 
124 
1259 
40 
902 
166 
144 


STEP   EIGHT   AND  NINE   A  OUTPUT 


B2 
Al 
Bl 

A 'J: 

P.3B4 
A4B3 


UNPROIECT  LT 
4  71 
1259 
230 
902 
144 
134 


PRO! EC  f  I 


124 
1259 
40 
902 
166 
144 


STEP  TEN 

OUTPUT 

POSSIBLE 

PHASES 

APPROACHES   1    &  2 

«     cr  co 

1  ~ 

one  phase  only 

1383 

2- 

•two  phase, one  left  protected, no  overlap 

1259 

two  pnases.one  left  protected , over  1 ap 

1383 

4- 

•two  phases, both  lefts  protected.no  overlap) 

1  300 



V.' 

three  phases, both  lefts  protected , over 1 ap 

1423 

6- 

three  phases , 1 ead/1 ag , no  overlap 

1490 

7- 

three  phases, lead/lag, overlap 

2161 

8- 

■two  phases,  di  recti  onal  split. 

POSSIBLE 

PHASES 

APPROACHES  3  &  4 

144 

1- 

■one  phase  only 

3 1 0 

8- 

two  phases, di rect l onal  split 

Phasi  ng 


1?<2 

Phasing  38<4 

v/c 

SUM  CV 

Capaci  tv 

LOS 

1 

1 

0.78 

1403 

1800 

C 

1 

0 . 82 

1403 

1720 

D 

5 

1 

0.  87 

1443 

1650 

D 

4 

1 

0 .  89 

1527 

1 720 

D 

2 

1 

0.  89 

1527 

1720 

D 

1 

8 

0 .  9 1 

1569 

1 720 

E 

6 

1 

0.  95 

1567 

1 650 

b 

3 

8 

0.  95 

1569 

1650 

E 

5 

8 

0.  98 

1610 

1650 

E 

7 

1 

0 .  99 

1633 

1650 

E 

2 

8 

1 .  03 

1693 

1650 

F 

4 

8 

1 . 03 

1693 

1 650 

F 

6 

8 

1 .  05 

1733 

1650 

F 

7 

8 

1 .  09 

1799 

1650 

F 

8 

1 

1  .  34 

2305 

1720 

F 

8 

8 

1 .  50 

2471 

1650 

F 

identify  Lane  Geometry 


Identify  V  olumes,  in  vph 


tm  -3Sl 

■  T.  ios. 


LT 


315 


Assign  Lane  Volumes, 
in  vph 

Aooro»cf<  J 


lOZ.  s  J 
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CIRCULAR  212  WORKSHEET I    SIGNALIZED   INTERSECTION  -  OPERATIONS  &  DESIGN 

M     MID   INSTALL  SIGNAL  WITH  EXCLUSIVE  LEFT  LANES  ON  NEE DM AM  ST       REDUCE  RIGHT  1  URN 
FROM  OAK  ST  BY  15V. 


STEP  ONE  OUTPUT 


NAME 

#THRU  LANES 
AVG  WIDTH 
*LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


1 

Need ham  St. 

1 

12 
1 

12 

0 
0 


Needham  St. 

1 

12 
1 

12 

0 
0 


Dak  St.  Christina 
1 

12 
0 
0 

1 

10 


4 

St. 
1 

12 
0 
0 
0 
0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
FED  VOL 
TRUCK  V. 
BUS  STOP 


1 

100 
984 

•30 
0 

2.7 

0 


38 
816 
151 

0 

4.7 

0 


102 

99 
0 

5.  8 

0 


4 

18 

36 
0 

7.6 

0 


STEP  FOUR  OUTPUT 


CYCLE  (sect?) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 
DP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


60 
60 
120 
.  89 
967 
101 
221 
1 00 
t 


60 

60 
120 
.  89 
1014 

54 
174 

38 

t 


60 
60 
120 
.  10 
61 
59 
179 
102 
t 


60 
60 
120 
.  10 
122 
0 

120 
18 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0 .  90 
114 
1 123 
34 


0.  89 
45 
960 
178 


0.  89 
121 
27 
11S 


4 

0.  60 
o2 
45 
65 


STEP  SEVEN  OUTPUT 

GP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

967 
4 .  00 
1  .  05 
1 .  00 


1014 
6.  00 
1 .  05 
1  .00 


61 
1 .  00 
1 .  20 
1 .  00 


1 .  00 
1 .  20 
1 .  00 


B2 
Al 
SI 
A2 

A3B4 
A4B3 


UNPROTEC r  LT 
456 

1  157 
268 

1 138 
149 
142 


PROTECT  LT 
1 20 
1 157 
47 
1138 
173 
14B 


•-  TP  P 


EIGHT   AND  NINE  A  OUTPUT 


!  iml-M-'f  I  I  t-  I  '' 


B2 
Al 
Bl 
A  2 

ft3B4 
A  4)3  3 


1157 
268 

1 138 
149 
142 


pt%;(j  ! LC !  :..  '" 
120 
1 157 
47 
1 138 
173 
148 


STEP  TEN  OUTPUT 


POSSIBLE 

PHASES 

APPROACHES   1    ?<  2 

1157 

1- 

one  phase  only 

1277 

XL 

■two  phase. one  left  protected, no  overlap 

1257 

two  phases, one  left  protect ed , over  1 ap 

1277 

4- 

■two  phases, both  lefts  protected.no  overlap 

1257 

5- 

three  pnases,both  lefts  protected , over  1 ap 

1324 

6- 

■three  phases , 1 ead/1 ag , no  overlap 

1  594 

7- 

three  phases , 1 ead / 1 ag , over 1 ap 

2295 

8- 

■two  phases , di recti onal  split 

POSSIBLE 

PHASES 

APPROACHES  3  ?<  4 

149 

1-one 

phas 

e 

onl  y 

321 

B-two 

phas 

es 

, d  i  r ect  i  onal 

sp  1  i  t 

Phasing  1&2 

Phasing  3?< 

4 

v/c 

SUM  CV 

Capaci  t v 

LO 

1 

1 

0.  73 

1306 

1800 

C 

o 

1 

0 .  82 

1406 

1720 

D 

4 

1 

O.  S3 

1425 

1720 

D 

r> 

1 

0.  83 

1425 

1 720 

D 

5 

1 

0.  85 

1406 

1650 

D 

1 

8 

0 .  86 

1478 

1720 

D 

6 

1 

0.  89 

1472 

1 650 

L 

5 

8 

0 .  96 

1578 

1650 

E 

-? 

■ 

8 

0.  96 

1578 

1650 

E 

4 

8 

0.  97 

1598 

1650 

E 

2 

8 

0.  97 

1598 

1650 

E 

6 

8 

1  .  00 

1645 

1 650 

E 

7 

1 

1 .  06 

1743 

1650 

F 

7 

8 

1  .  16 

1915 

1650 

F 

8 

1 

1  .  42 

2443 

1720 

F 

8 

8 

1  .  59 

2616 

1 650 

F 

Identify  Lane  Geometry 


Identijy  Volumes,  in  vph 


Aoo»o»ck  3 
1  


RT  .  IS 

th.  a& 

LT  i 


2^ 


Assign  Lane  Volumes, 
in  vph 


Appro 


wm 


4)  I 


PM  INSTHLL  SIGNAL  WITH  EXCLUSIVE  LEI-  f  LANEb  UN  NcclJHHrl  a  I  AbbUPle  KIBMJ  fUF 
ROM  OAK  REDUCED  b Y  lb'/. 


STEP  ONE  OUTPUT 


NAME 

#THRU  LANES 
A  Via  WIDTH 
frLT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


Needhain  Bt . 

1 

12 
1 

12 

0 

o 


Need ham  St. 

1 

12 
1 

12 

O 
0 


Oa k  St .   Chr  i st  i  n a  St . 


1 

12 

0 
0 

1 

10 


1 

12 
O 

0 
0 
0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
RED  VOL 
TRUCK  55 
BUS  STOP 


1 

106 
859 
41 

0 

2.3 

0 


858 
190 

0 

2.5 

0 


84 
44 
1  10 

0 

1 .  2 

O 


4 

95 
59 
52 
0 

1.0 

o 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHAN6E  INT 
LT  CAP  ON  CI 
G/C 

DP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


60 
60 
120 
.  S3 
1048 
0 

120 
106 
t 


60 
60 
1 20 
.83 
900 
96 
216 

T"i 

t 


60 

60 
120 
.  16 
1 1 1 

81 
201 

84 

t 


60 

60 
120 
.  16 
154 

38 
158 

95 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0.  87 
125 
1 0 1 0 
48 


0 .  90 

25 
977 
216 


o 

0 .  84 
101 

53 
133 


4 

0 . 72 
133 
83 
73 


STEP  SEVEN  OUTPUT 

OP  VOL 
RLE  LTU 
PCE  LTP 
RLE  RT 


1 

1048 
6 .  00 
1 . 05 
1 .  00 


900 
4 .  00 
1  .  05 
1  .  00 


111 
1 .  00 
1  .  20 
1 .  00 


4 

154 
1 .  00 
1 .  20 
1 .  00 


B2 
Al 
El 

A  2 

A3B4 
A4B3 


UNPROTECT  LT 
748 

1  058 
100 

1  194 
154 
289 


PROTECT  LT 
131 
1058 
26 
1 194 
174 
316 


D-55 


STEP  EIGHT  AND  NINE  fi\  OUTPUT 


UNPROTECT  LT         PROTECT  LT 


B2  748  131 

Al  1058  1058 

Bl  loo  26 

A2  1194  1194 

A3B4  154  174 

A4B3  289  316 


STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES   1    «<  2 


1194 

1 

-one  phase  only 

1324 

2 

-two  phase, one  left  protected.no  overlap 

1324 

3 

-two  phases,  one  le-ft  protected  ,  over  1  ap 

1324 

4 

-two  phases,  both  le-fts  protected.no  overlap 

1  324 

5 

-three  phases, both   le-fts  protected  ,  over  1  ap 

1351 

6 

-three  phases , 1 ead/1 ag , no  overlap 

1941 

7 

-three  phases , 1 ead / 1 ag , over 1 ap 

8 

-two  phases,  da  recti  onal  split. 

POSSIBLE  PHASES  APPROACHES  3  &  4 


289  1-one  phase  only 

490  8-two  phases , d l rect i onal  split 

Phasing   1S<2       Phasing  3?«4       v/c  SUM  CV  Capacity  LOS 


1 

0.  82 

1483 

1800 

D 

3 

0.  94 

1613 

1 720 

E 

4 

0.  94 

1613 

1720 

E 

2 

0.  94 

1613 

1720 

E 

5 

0.  98 

1613 

1650 

E 

1 

0 .  98 

1684 

1 720 

E 

6 

0.  99 

1640 

1650 

E 

5 

8 

1.10 

IB  15 

1 650 

F 

3 

8 

1.10 

1815 

1650 

F 

4 

8 

1.10 

1815 

1650 

F 

8 

1.10 

1815 

1650 

F 

6 

8 

1 .  12 

1841 

1650 

F 

7 

1 

1.35 

2230 

1650 

F 

7 

a 

1 .  47 

2431 

1650 

F 

8 

l 

1 .  48 

2541 

1720 

F 

8 

8 

1 .66 

2742 

1650 

F 

i 


identify  Lane  Geometry 


Identify  Volumes,  in  vph 


LT  . 

TM  i 


J2L_ 


17 


LT 


r 


Assign  Lane  Volumes, 
in  vph 


Aporo»cft  3 


D-56 


Intersection 
Date  9/20/84 


SUMMARY  OF  VEHICLE  MOVEMENTS 

Needham  Street  @  Tower  Road 


Day  of  Week  J^H^-.  w^th^r  Fair  60  F  Community  Newton 


2 

CO  0- 

X 

O 

<  o 
O  I 
CO 

CL 
CL 

<  2 
< 


966 


AM 

MID  1030 
PM1H9 


• 

.-  H 

CN 

CD 

P» 

00 

CD 

O 

O 

LT) 

CN 

0 

JC 

c 

on 

(0 

Tr 

hp 

*— 

19 

■o 
a 


851 

945 

888 

AM 


MID 


13 

106 

55 

953 

924 

1064 

2 

a 

2 

< 

I 

Q. 

o 

CD 

VD 

CM 

m 

O 

r 

H 

iH 

1 

r 

N 


APPROACH  2 

AM  MID  PM 


3.94 

5.  38 

1 .27 

0 

8 

1 

%  Trucks 
Pedestrians 


Needham  Street 
(Street  Name) 


MID 


PM 


20 

63 

43 

844 

866 

826 

864 


929 


869 


AM 
MID 
PM 


966 

981 

1108 

Needham  Street 


(Street  Name) 
AM         MID  PM 


5.59 

4.37 

1.07 

1 

12 

2 

%  Trucks 
Pedestrians 


APPROACH  1 


AM 
MID 
PM 


Peak  Hours 

8:00-9:00 
11:45-12:45 
4:45-5:45  « 


D-57 


CIRCULAR  212  WORKSHEET:  UNS I GNAL I  ZED  -  3  APPROACHES 
AM  9/84     ASSUME   XLEFT/R I GHT  ON  TOWER  RD 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:    Tower  Rd. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


VOLUMES 


LT 

0 
00 


APPROACH 
VOLUME 

PERCENT  GRADE  0 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR  0 


A:    Needham  St.    B:    Needham  St.    C:    Tower   Rd . 


TH 
844 

0 .  00 
96.  00 
2.  00 
2 .  00 


STEP   1    RIGHT  TURNS  FROM 

CONFLICTING  FLOWS 

CRITICAL  GAPS 

CAPACITY 

DEMAND 

SHARED  LANE 

AVAILABLE  RESERVE 

DELAY 

LOS 


STEP  2  LEFT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
DEMAND 

AVAILABLE  RESERVE 

DELAY 

LOS 


RT       LT  TH 

20        13  953 
0 .  00 

0 .  00 
94 .  00 
3.  00 
3 .  00 

14 


C : Tower   Rd . 


RT 

0 


TH 

0 


LT 
13 
0.  00 

0 .  00 
80 .  00 
1 0.  00 
1 0 .  00 
1 5  0 


RT 

7 


8 


854 
5.  0 
51 1 
8 

N 

503 

Little  or  no  delay 
A 


B: Needham  St. 

864 
5.  0 
506 
14 
3 

0.  99 
492 

Little  or  no  delay 
A 


C: Tower  Rd . 

1820 
6.  5 
87 
86 

N 
N 

15 
71 

Very  long  delay 
E 


Identify  Lane  Geometry 


Approien  3 


is*  ir 


TP* 


2D* 


Identify  Volumes,  in  vph 

/WOK"! 


T 


1o 


RT 

TM._£*a 


13 


TM 


MID  9/84-  ASSUME   XLEFT/R I GHT  ON  TOWER  RD 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:    Tower  Rd. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:    Needham  St.    B:    Needham  St.    C:    Tower  Rd . 


u 


LT  TH 

0  866 

00 

0 .  00 
95.  00 

2 .  00 

3 .  00 

O 


STEP   1   RIGHT  TURNS  FROM 

CONFLICTING  FLOWS 

CRITICAL  GAPS 

CAPACITY 

DEMAND 

SHARED  LANE 

AVAILABLE  RESERVE 

DELAY 

LOS 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR- 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
DEMAND 

AVAILABLE  RESERVE 

DELAY 

LOS 


RT 

63 


LT  TH 
1 06  924 
0 .  00 

0.  00 
96.  00 
2 .  00 
2 .  00 

109 


RT 

0 


0 


LT 

57 

00 


TH 

0 


RT 
79 


93 
4 


0.  0( 

0< 

o< 


60 


Ut. 


83 


C : Tower  Rd . 

898 
5.0 

489 
83 

N 

406 

Little  or  no  delay 
A 


B: Needham  St. 

929 
5 .  0 
474 
109 
23 
0.  83 
365 

Short  tra-f-fic  delay 
B 


C: Tower  Rd . 

1928 
6.  5 

75 
63 

N 
N 

60 

Very  long  delay 


Identify  Lane  Geometry 


Appto«cn  3 


is*  ir 


■ZD"  S 


Assign  Lane  Volumes, 
in  vph 


CIRCULAR  212  WORKSHEET:  UNS I GNAL I  ZED  -  3  APPROACHES 
PM  9/84     ASSUME   XLEFT/RIGHT  ON  TOWER  RD 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:    Tower   Rd . 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:    Needham  St.    B:    Needham  St.    C:    Tower  Rd. 


0 


LT  TH 

0  826 
00 

o 

99 
0 
1 

0 


00 
00 
00 
(')(") 


STEP   1    RIGHT  TURNS  FROM 

CONFLICTING  FLOWS 

CRITICAL  GAPS 

CAPACITY 

DEMAND 

SHARED  LANE 

AVAILABLE  RESERVE 

DELAY 

LOS 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMF- 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
DEMAND 

AVAILABLE  RESERVE 

DELAY 

LOS 


RT 
43 


LT  TH 

55  1064 

00 

0 
99 


RT 

0 


TH 

0 


0 


00 
00 


0 .  00 

1 .  00 


LT 
44 

00 

0 .  00 
95.  00 

2.  00 

3.  00 
46  0 


RT 
62 


Identify  Lane  Geometry 

Approach  3 


64 


C: Tower   Rd . 

848 
5.0 
514 
64 

N 

450 

Little  or  no  delay 
A 


B: Needham  St. 

869 
5 .  O 
503 
56 
1 1 
0.  93 
448 

Little  or  no  delay 
A 


C: Tower   Rd . 

1967 
6.  5 

72 
67 

N 
N 

46 
21 

Very   long  delay 
E 


1 


Identify  Volumes,  in  vph 

Approach  3 


T 


TH 


LT  ■  55 
TH  ■ 


Assign  Lane  Volumes, 
in  vph 

Approach  3 


11- 


CIRCULAR  212  WORKSHEET:  UNSIGNALIZED 


-  3  APPROACHES 


•       A.M.    Install    X  ie-ft/right  on  Tower  Rd . 


BENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:   Tower  Rd . 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:   Needham  St.   B:   Needham  St.   C:   Tower  Rd 


LT  TH 
0  844 
0 . 00 

O.  00 
96 .  00 
2.00 
2 . 00 

0 


RT 
20 


LT  TH 

13  953 
0 .  00 

0.00 
94 .  00 
3.  00 
3 . 00 

14 


RT 

0 


TH 

0 


0 


LT 
13 

00 

O.  00 
BO .  00 
10.00 
10.  00 
15  O 


STEP   1   RIGHT  TURNS  FROM 

CONFLICTING  FLOWS 

CRITICAL  GAPS 

CAPACITY 

DEMAND 

SHARED  LANE 

AVAILABLE  RESERVE 

DELAY 

LOS 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TORNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
DEMAND 

AVAILABLE  RESERVE 

DELAY 

LOS 


C: Tower  Rd . 

854 
5 .  O 
511 
8 

N 

503 

Little  or  no  delay 
A 


B: Needham  St. 

864 
5.0 
506 
14 
3 

0.99 
492 

Little  or  no  delay 
A 


C: Tower  Rd. 

1820 
6.5 
87 
86 

N 
N 

15 
71 

Very  long  delay 
E 


RT 
7 


A 


Identify  Volumes,  in  vph 

Approach  3 


T 


RT-_£i_ 

TM..S4L 


13 


TH-.252L 


Assign  Lane  Volumes, 
in  vph 


Approach  3 


Hi 


CIRCULAR  212  WORKSHEET:  UNS I GNAL I  ZED  - 
MID   Install    X   left/right   on   Tower  Rd. 


3  APPROACHES 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:    Tower  Rd. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:    Needham  St.    B:    Needham  St.    C:    Tower  Rd. 


LT 

0 
00 


TH 

866 

0 .  00 
95.  00 

2 .  00 

3 .  00 


O 


STEP   1   RIGHT  TURNS  FROM 

CONFLICTING  FLOWS 

CRITICAL  GAPS 

CAPACITY 

DEMAND 

SHARED  LANE 

AVAILABLE  RESERVE 

DELAY 

LOS 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMF- 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
DEMAND 

AVAILABLE  RESERVE 

DELAY 

LOS 


RT       LT  TH 

63      106  924 
0 .  00 

0 .  00 
96.  00 
2 .  00 
2 .  00 

1  09 


RT 

0 


TH 

0 


LT 

57 

00 

o .  o< 

93.  OC 

3 .  0( 

4.  0< 

60  < 


RT 

79 


83 


C : Tower   Rd . 

898 
5.  0 

489 
83 

N 

406 

Little  or  no  delay 
A 


B : Needham  St . 

929 
5 .  0 
474 
1 09 

0 .  83 

365 

Short  tra-f-fic  delay 
B 


C: Tower  Rd . 

1928 
6.  5 
75 
63 

N 
N 

60 

Very   long  delay 
E 


Identify  Lane  Geometry 


Approach  3 


S'i£,'  14' 


a. 


w 


II' 


Identify  Volumes,  in  vph 


A     J  Approtch  3 


LT 

TH._124_ 


Op      CIRCULAR  212  WORKSHEET:    UNS I GNAL I ZED  -  3  APPROACHES 
P.M.    Install    X  left/right   lanes  on  Tower  Rd. 


GENERAL  CHARACTERISTICS 
IU      CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:   2  LANES 

MINOR  STREET  LANES 
APPROACH:   C:   Tower  Rd. 
)#      EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


VOLUMES 


LT 

0 

00 


APPROACH 
VOLUME 

PERCENT  GRADE  0 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR  O 


A:   Needham  St.   B:   Needham  St.   C:   Tower  Rd 


TH 

826 

O.  00 
99 .  00 
0.  00 
1 . 00 


RT 
43 


0 


LT  TH 
55  1064 

00 

0.00 
99 . 00 
0.00 
1 . 00 

56 


RT 
0 


TH 

O 


0 


LT 
44 

00 

0.00 
95.00 
2.00 
3 . 00 
46  0 


STEP   1   RIGHT  TURNS  FROM 

CONFLICTING  FLOWS 

CRITICAL  GAPS 

CAPACITY 

DEMAND 

SHARED  LANE 

AVAILABLE  RESERVE 

DELAY 

LOS 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 


LOi 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
DEMAND 

AVAILABLE  RESERVE 

DELAY 

i 


C: Tower  Rd . 

848 
5 . 0 
514 
64 

N 

450 

Little  or  no  delay 
A 


B: Needham  St. 

869 
5.  O 
503 
56 
11 
O.  93 
448 

Little  or  no  delay 
A 


C: Tower  Rd. 

1967 
6.5 
72 
67 

N 
N 

46 

21 

Very  long  delay 


RT 
62 


64 


Identify  Lane  Geometry 


Approach  3 


I 


14' 


rv 


12' 


\2l 


Identify  Volumes,  in  vph 

Approach  3 


T 


RT  i 


TH 


lt._55L 

TH.J&4: 


Assign  Lane  Volumes, 
in  vph 


ezio  ■ 


SUMMARY  OF  VEHICLE  MOVEMENTS 

Intersection  Needham  Street  g  Winchester  Strppf  ft  pg*h«m  qfroof 

Date  9/?n/R4  Day  of  Week  jniursda^  Weather  Fair  60\ommunity-J^2lL 


X 

o 
< 
o 
cc 

0. 

< 


00 

• 

rH 

rH 

o 

rH 

• 

O 

O 

919 


848 


772 


AM 

MID 

PM 

AM 

740 

632 

686 

942 

MID 

857 

68 

87 

135 

PM 

1136 

40 

84 

59 

Needham  Street 


(Street  Name) 
APPROACH  3 


AM 


MID 


PM 


%  Trucks 
Pedestrians 


7.30 

3.85 

0  .62 

1 

0 

2 

Peak  Hours 
AM:  8:00-9:00 
MID:  12:30-1:30 

PM:  5:00-6:00 


CO 

r- 
CN 


Cs) 


CO 

CO 

m 

rH 

CM 

CM 

in 

CO 

CM 

VD 

CM 

H 

-er 

CM 

CM 

rH 

rH 

i 

v£> 

rn 

rH 

O 

H 

in 

CM 

CM 

CM 

2 

O 

2 

< 

I 

a. 

APPROACH  4 


1.40 

5.83 

0.58 

8 

10 

9 

%  Trucks 
Pedestrians 


Dedham  Street 


(Street  Name) 


CD 
0 
M 
-u 
Cfl 

M 
0) 
4J 
CO 

u 

u 
c 


00 


AM 

MID 

PM 

230 

120 

86 

358 

AM 

117 

111 

69 

240 

MID 

— 4- 

11 

9 

16 

171 

PM 

141 


170 


272 


I 

o 
< 
o 
rr 

< 


o 

• 

O 

o 

co 

CM 

• 

sD 

o 

• 

o 

CO 

• 

m 

c 

o 

« 

3 

k- 

• 

• 

# 

• 
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>  •  CIRCULAR  212  WORKSHEET)    UNSIGNALIZED  -  4  AHPROACHtb 


AM  9/U4     ASSUME  RIGHT  TURNS  UN  DEDHAM  ST  AND  WINCHEST  bd  EQUAL  0. 


5ENERAL  CHARACTERISTICS 

•  CONTROLS:  STOP 
PREVAIL  ING  SPEED:    30  MPH 

MAIN  STREET  *  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:   C:    Winchester  NB 

•  EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RlbH  I"  TURN  LANES:  N 


APPROACH:    D:    Winchester  SB 
EXCLUSIVE  LEFT  TURN  LANES:  N 
•  EXCLUSIVE   RIGHT    TURN  LANES:  Y 


VOLUMES 

APPROACH             A:    Need  ham  St.    b:    Dedham  St.      C:    Winchester     D:  Winchester 

LT       TH  RT       LT       TH  RT       LT       TH  RT       LT       TH  RT 

VOLUME                     632       6b  0       11      117  230       20     174  12       63     249  O 

PERCENT  (5RADE     0.00  0.00  0.00  0.00 

PERCEN1    CYCLES             0.00  0.00  0.00  0.00 

PASSENGER  CARS           93.00  99.00  97.00  97.00 

PERCENT   LT   TRU             3.00  0.00  1.00  1.00 

PERCENT  HV  TRU              4.00  1.00  2.00  2.00 

PASS  CAR/HK           667  11  21      178  12       65     255  0 


STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 
AVAILABLE  RESERVE 
DELAY 
LOS 


C: Winchester  NB 
6b 
6.0 
922 
12 
1 

0.  99 

Y 

0 


D: Winchester  SB 
6.  0 

-TCT-T 

/  ^  / 

o 

0 

1 . 00 

N 

7  57 

Little  or   no  delay 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACI TY  USED 
1MKEDANLE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


B:Dedham  St. 


A:Neednam  St. 


347 
5.  0 
84  fl 
667 
79 
0.  27 
101 

Little  or  no  delay     Long  trat-fic  delay 
A  D 


6B 
5.  0 
1  121 
1  1 

4 
X 

1 . 00 
1110 


D-65 


STEP  3  THRU  MOVES  FKOn  C: Winchester  NB  D: Wi nchester  SB 


CONFLICT  I NO  FLOWS 

105S 

943 

CRITICAL  bAPS 

7.0 

7.0 

LttPrtC  I T  Y 

1  O'- 

ADJUST   FOR  INF 

61 

DEMAND 

178 

255 

CAPACITY  USED 

342 

417 

IHPEDANCE  FMCTUR 

0 . 00 

0 . 00 

SHARED  LANE  LEFT 

Y 

Y 

SHARED  LANE  RIGHT 

Y 

N 

_ 


STEP  4  LEFT  TURNS  FROM 

C: Winchester  NB 

D: Winchester 

CONFLICTING  FLOWS 

1307 

1 129 

CRITICAL  SAPS 

— T  C 
/  • 

7.5 

CAPACITY 

113 

147 

ADJUST  FOR  IMP 

0 

0 

SHARED  LANE  THRU 

Y 

Y 

SHARED  LANE  RIGHT 

Y 

N 

SHARED  LN  DEMAND 

211 

320 

CAPACITY  OF  SHARED  LN 

0 

0 

AVAILABLE  RESERVE 

-211 

-320 

DELAY 

Pai lure 

Fai 1 ure 

LOS 

E* 

B* 

SB 


Identify  Lane  Geometry 


If 


tl' 


id' 


Identify  Volumes,  in  vph 


TM  •. 


ApprOK 


U 
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CIRCULAR  212  WORKSHEET:    UNSIGNALIZED  -  4  APPROACHES 

MID  9/B4     ASSUME  RIGHT  TURNS  ON  NEEDHAM  ST  AND  WINCHESTER  SB  EUUmL  0. 


SENERAL  CHARACTERISTICS 

CONTROLS:  STOP 

RREVAI L  I NG  SPEED:    30  MPH 

MAIN  STREET       UF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:    Winchester  NB 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH:    D:    Winchester  SB 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT   TURN  LANES :  Y 


VOLUMES 

APPROACH             A:    Needharn  St.    B:    Dedham  St.      C:    Winchester     D:  Winchester 

LT       TH  RT       L  T       TH  RT       LT       TH  RT       LT       TH  RT 

VOLUME                      686       B7  0         9      111  120       25     168  20       63     180  0 

PERCENT  GRADE     0.00  0.00  0.00  0.00 

PERCENT   CYCLES              0.00  0.00  0.00  0.00 

PASSENGER  CARS            96.00  94.00  96. OO  96.00 

PERCENT   LT   TRU              2.00  3.00  2.00  2.00 

PERCENT  HV  TRU              2.00  3.00  2.00  2.00 

PASS  CAR/HR           707  9  26      173  21        65     185  O 


STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GrtPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CK1T ICAL  GttPS 
CAPACI FY 
DEMMND 

CAPACITY  OSED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LUS 


C: Winchester  NB 
87 
6.0 
901 
21 
j- 

0 .  99 

Y 

0 


h: Dedham  St. 


87 
5.0 

1  1  DO 
9 
1 

1 .  00 

1091 


D:  Winchester  SE> 
171 
6 .  0 
814 

O 
O 

1 .  00 

N 

814 

Little  or  no  delay 
A 


A:Needham  St. 

231 
5.0 

952 
707 
74 
0.  32 
246 


Little  or  no  delay     Average  traf-ric  dela 
A  C 


STEP  3  THRU  MOVES  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE  LEFT 
SHARED  LMNE  RIGHT 


C: Winchester  1MB 
1013 
7.0 

203 
66 
17-;' 
263 
O . 00 
Y 
Y 


V : Winchester  SB 
953 
7.0 

226 
72 

lUw, 

259 
0 . 00 
Y 
N 


STEP  4   LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMF- 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY  OF  SHARED  LN 
AVAILABLE  RESERVE 
DELAY 


Identify  Lane  Geometry 


ApprMCft  « 


C:  Wi  nchester  NB 
1 193 
7.5 

134 
O 

Y 
Y 

219 
0 

-219 


Fai 1 ure 


E* 


identify  Volumes,  in  vph 


Approach  3 


tm ._LLL 

LT._2_ 


TH.  n 
■t.  °4 


Approach  t 


1):  Winchester  SB 
1 141 
7.5 
144 

0 

Y 
N 

250 
0 

-250 
E* 


Fai 1 ure 


Assign  Lane  Volumes, 
in  vph 

Aooroacft  3 

T 


&1  9 


JQproacn  1 
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CIRCULAR  212  WORKSHEET:    UNS1GNALIZED  -  4  APPROACHES 

PM  9/84      ASSUME  RIGHT  TURNS  FROM  NEEDHAM  ST.  AND  WINCHESTER  SB  EQUAL  0. 


GENERAL  CHARACTERISTICS 
CONTROLS :  STOP 

*  PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

M I  NOR  STREET  LANES 
APPROACH:    C:    Winchester  St. 
EXCLUSIVE  LEFT  TURN  LANES:  N 

*  EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH:    D:    Winchester  St. 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT   TURN  LANES:  V 


VOLUMES 


APPROACH  i 

*  VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT   LT  TRU 
PERCENT  HV  TRU 

*P'ASS  CAR/HR 


Needham  St.    B:    Dedham  St.      C:    Winchester     D:  Winchester 


LT 
942 
0 .  00 


TH 


0.  0< 
99.  0< 
0 .  0< 
1  .  0( 


RT 
0 


LT 
16 

00 


0, 

99 


TH 
69 

00 
00 


0.  00 
1  .  00 


RT 


LT 


TH 


951 


86       18  228 
0 .  00 

0.  00 
51100.  00 
0.  00 
0 .  00 
18  228 


LT 
132 
0 .  00 


LT  TH 
193 

0 .  00 
98.00 

1 .  00 
1 .  00 

134  196 


RT 


STEP    1   RIGHT  TURNS  FROM 


FLOWS 


CONFLICTING 
CRITICAL  GA 
# CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 
AVAILABLE  RESERVE 
1  ' DELAY 
LOS 


C: Winchester  St 
135 
6.  0 
850 
5 
1 

1 .  00 

Y 

0 


D: Winchester  St 
112 
6 .  0 
874 

0 
0 

1  .  00 
N 

874 

Little  or  no  delav 

A 


STEP  2  LEFT  TUKNS  FROM 
CONFLICTING  FLOWS 
'CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


B : Dedham  St. 


135 
5.0 
1048 
16 

0.  99 

1032 


A: Needham  St. 
155 
5.0 
1028 
951 
93 
0.  1 1 


Little  or   no  delav     Verv  long  delav 
A  E 


D-69 


r 


STEP  3  THRU  MOVES  FROM 

C: Wi n Chester  St. 

D: Winchester 

CONFLICTING  FLOWS 

1248 

1205 

CRITICAL  GAPS 

7.0 

7.0 

CAPACITY 

149 

IS  9 

ADJUST  FOR  IMP 

16 

17 

DEMAND 

1  C}6 

CAPACITY  USED 

14  OS 

1  139 

IMPEDANCE  FACTOR 

0 .  00 

0 . 00 

SHARED  LANE  LEFT 

Y 

Y 

SHARED  LANE  RIGHT 

Y 

N 

r 


STEP  4  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY  OF   SHARED  LN 
AVAILABLE  RESERVE 
DELAY 
LOS 


C:Winchester  St, 
1441 
7.5 

92 
0 

Y 
Y 

251 
0 
1 


F«i  1  u.re 


D: Winchester  St 
1438 
7.  5 

93 
0 

Y 
N 

330 

0 

-330 


Fai 1 ure 


E* 


E* 


a* 


i-d' 


Identify  Lane  Geometry 


1\' 


4 


u 


r 


A0pro*cn  * 


lb 


Jdenti/y  Volumes,  in  vph 


Apo'oacft  3 


i.r. ML 

RT  >. 


TM  •  fej 


LT._li_ 


XppToacn  4 


*1 


Assign  Lane  Volumes, 
in  vph 

Aoofo»cf<  3 


94^ 


25  ife- 
72S 


< 
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CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  ?<  DESIGN 

AM  TOPICS  RIGHT  TURNS  ON  APPROACHES  1  &  3  ASSUMED  EQUAL  TO  0  AS  PER  EXCLUSIVE 
IGHT  LANES  PROVIDED  I 

§ 

STEP  ONE  OUTPUT 


12  3  4 

NAME  Needham  St.          Dedham  St . Wi nchester  St .  Wi  richest  er  St. 

#THRU  LANES  12  12 

AVG  WIDTH  10                             8  13  8 

#LT  LANES  1                             0  0  0 

AVG  WIDTH  10                             0  0  0 

#RT  LANES  1                             0  1  0 

AVG  WIDTH  15                             0  13  0 

STEP  TWO  OUTPUT 


1 

LT  VOL  632 

THRU  VOL  68 

RT  VOL  0 

PED  VOL  0 

TRUCK  7.  7.3 

BUS  STOP  0 


2  3  4 

11  61  20 

117  243  174 

161  0  12 

0  0  0 

1.4  3.0  3.4 

0  0  0 


STEP  FOUR  OUTPUT 


CYCLE  <  sees ) 
CHANGE  INT 
LT  CAP  ON  CI 

G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


60 
60 
120 
.  67 
27S 
526 
646 
632 
t 


60 

60 
1 20 
.67 

68 
736 
856 

1 1 

t 


60 
60 
120 

TO 

186 
198 
318 
61 

t 


60 
60 
1 20 

3*? 

243 
141 
261 

20 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0 .  95 
714 

77 

0 


0.  77 
14 

154 


0.-96 
65 
261 


( > 


4 

0.  84 

*-> cr 
-L  i— .• 

214 
15 


D-71 


OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


B2 
Al 

A2B1 
A3B4 
A4B3 


1 

273 
1 .  00 
1 .  05 
1  .  00 

UNPROTECT  LT 
714 
77 
381 
326 
254 


63 
1 .  00 
1 .  20 
1 .  00 

PROTECT  LT 

750 
77 
383 
339 


186 
1  .  00 
1  -  20 
1 .  00 


4 

243 
1 .  00 
1 .  20 
1 .  00 


STEP  EIGHT  AND  NINE  A  OUTPUT 


B2 
Al 

A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
714 
77 
220 
294 
146 


PROTECT  LT 
750 
77 
22 1 

305 
149 


STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES    1  & 


714 

1-one  phase 

on  1  y 

971 

2-two  phase. 

one  left  protected.no  overlap 

971 

3-two  phases 

,  one  le-ft  pr 

otected , over  1 ap 

971 

B-two  phases , d i rect i onal 

spl  i  t 

POSSIBLE  PHAS 

ES  APPROACHES 

3  Z<.  4 

294 

1-one  phase 

on  1  y 

455 

8-two  phases 

,  di  recti  onal 

spl  i  t 

Phasing  1&2 

Phasing  3?<4 

v/c 

SUM  CV 

Capaci  ty 

LOS 

1 

1 

0.  56 

1007 

1 800 

A 

1 

8 

0.  68 

1 168 

1 720 

C 

8 

1 

0.  74 

1265 

1720 

C 

o 

1 

0.  74 

1265 

1 720 

C 

«■? 

1 

0.  74 

1265 

1720 

C 

8 

8 

0.  86 

1426 

1650 

D 

8 

0.  86 

1426 

1 650 

D 

2 

8 

0.  86 

1426 

1650 

D 

t 


Identify  Lane  Geometry 


Aeoraien  3 


Mi 


Identify  V  olumes,  in  vph 

Aoo»o»et>  3 


T 


r  — 


Assign  Lane  Volumes, 
in  vph 

Aporoxft  3 


Appro*cA4 


D-72 


CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  &  DESIGN 


MID  TOPICS  RIGHT  TURNS  ON  APPROACHES 
RIGHT  LANES  PROVIDED 


ASSUMED  EOUAL  TO  0  AS  PER  EXCLUSIVE 


STEP  ONE  OUTPUT 


NAME 

#THRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


1 

Needham  St. 

1 

10 
1 

10 

1 

15 


Dedham  St . Wi nchester  St . Wi nchester  St. 


8 

0 
0 

o 

0 


1 

13 

0 
0 

1 

13 


2 
8 
0 
0 
0 
0 


#   STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  •/. 
EUS  STOP 


1 

686 
87 
0 

o 

3.  9 

O 


9 

111 

120 

0 

5.8 

0 


63 
180 

0 

o 

4.4 

0 


4 

25 
163 

20 
0 

4.3 

0 


STEP  FOUR  OUTPUT 


CYCLE ( sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


60 
60 
120 
.73 
231 
645 
765 
686 
t 


60 
60 
120 
.73 
87 
789 
909 
9 

t 


60 
60 
120 
.26 
188 
124 
244 
63 

t 


60 
60 
120 
.26 
180 
132 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0.92 
774 
98 

0 


0 


.89 
1  1 

132 
143 


0.  89 

74 
211 

0 


4 

0.87 

30 
201 
24 


|  STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

231 
1 .  00 
1 .  05 
1 .  00 


87 
1 .  00 
1 .  20 
1 .  00 


188 
1  .  00 
1 .  20 
1 .  00 


4 

180 
1 .  00 
1  .  20 
1 .  00 


B2 
Al 

A2B1 
A3B4 

A4B3 


UNPROTECT  LT 
774 
98 
285 
285 


PROTECT  LT 
813 
98 
288 

300 
261 


STEP  EIGHT  AND  NINE  A  OUTPUT 


B2 
Al 

A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
774 
98 
165 
257 
147 


PROTECT  LT 
813 
98 
166 
270 
151 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1  & 


774 

1-one  phase 

on  1  y 

979 

2-two  phase. 

one  left  protected , no  overlap 

979 

3-two  phases 

,one  left  protected , over 1 ap 

979 

8-two  phases 

, di  recti  onal 

split 

POSSIBLE  PHASES  APPROACHES 

3  ?<  4 

257 

1-one  phase 

on  1  y 

421 

8-two  phases 

, di  recti  onal 

spl  i  t 

Phasing  1S<2 

Phasing  3&4 

v/c 

SUM  CV 

Capaci  ty 

LOS 

1 

1 

0 .  57 

1031 

1800 

B 

1 

8 

0.  69 

1195 

1720 

C 

8 

1 

0.  72 

1236 

1 720 

C 

1 

0.72 

1236 

1720 

C 

2 

1 

0.  72 

1236 

1720 

c 

8 

8 

0 .  85 

1 400 

1 650 

D 

8 

0.  85 

1400 

1650 

D 

2 

8 

0.  85 

1400 

1650 

D 

Identify  Lane  Geometry 


App»»»cn"T 


identify  V  olumes,  in  vph 


»0(HO»cf>  3 
1  


LT  i 
TH  •  §3 


RT.  ^ 


«t.J22_ 

TH._HL 

LT._2_ 


Assign  Lane  Volumes, 
in  vph 

Aooroacn  3 


XppraachT 
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CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  &  DESIGN 

PM  TOPICS  RIGHT  TURNS  ON  APPROACHES  1  &  3  ASSUMED  EQUAL  TO  0  AS  PER  EXCLUSIVE 
I GHT  LANES  PROVIDED 


STEP  ONE  OUTPUT 


NAME 

#THRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


1 

Needham  St. 

1 

10 
1 

10 
1 

15 


Dedham  St . Wi nchester  St . Wi nchester  St. 


8 

0 

o 
o 
o 


1 

13 

0 
0 

1 

13 


8 

0 
0 

o 

0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  "/. 
EUS  STOP 


1 

942 
135 
0 

o 

0.6 

0 


16 

69 
86 

0 

0.6 

0 


132 
193 

0 
0 

2.  0 

0 


4 
18 

228 
5 
0 

0 .  0 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 

G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


60 
60 
120 
.  74 
155 

853 
942 
4 


60 
60 
120 
.  74 
135 
753 
873 
16 

t 


60 
60 
120 


67 
187 
132 
t 


60 
60 
120 

193 
107 

18 

t 


STEP  SIX  OUTPUT 


PHF 
0*  LT  VOL 

THRU  VOL 
RT  VOL 


1 

0.  93 
1019 
146 

0 


0.  84 
19 

83 
1 03 


0.92 
146 
214 

0 


4 

0.73 
25 
312 
7 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

155 
1 .  00 
1 .  05 
1 .  00 


135 
1 .  00 
1 .  20 
1 .  00 


1 . 00 
1 .  20 
1 .  00 


4 

193 
1 .  00 
1 .  20 
1 .  00 


B2 
Al 

A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
1019 
146 
205 
360 
344 


PROTECT  LT 
1 070 
146 

209 
390 
349 


STEP  EIGHT  AND  NINE  A  OUTPUT 


B2 
Al 

A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
1019 
146 
US 
324 
199 


PROTECT  LT 
1070 
146 
120 
351 
201 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1   &  2 


1019 

1-one  phase 

on  1  y 

1216 

2-two  phase. 

one  le-ft 

protected, no  overlap 

1191 

3-two  phases 

,one  left 

protected , over 1 ap 

1191 

8-two  phases 

,  di  recti  onal 

spl  i  t 

POSSIBLE  PHASES  APPROACHES 

3  S<  4 

324 

1-one  phase 

on  1  y 

SSI- 

8-two  phases 

,  di  recti  onal 

spl  it 

Phasing  1S<2 

Phasing  3?<4 

v/c 

SUM  CV 

1* 

1 

0.  75 

1343 

8 

1 

1515 

T 
' 

1 

0 .  SS 

1515 

1 

0 .  90 

1540 

1* 

8 

0 .  9 1 

1571 

s 

8 

1  .  06 

1743 

8 

1 .  06 

1743 

2 

8 

1 .  07 

1763 

*  This  phasing  may  be  inappropriate 

due 

to  le-ft  turn  res 

see  STEP 

FOUR  OUTPUT  above 

Capaci  ty 

1 800 
1720 
1 720 
1720 
1720 
1650 
1650 
1650 
tr i  ct i  on 


Identify  Lane  Geometry 


T 

No' 

Identify  Volumes,  in  vph 


ST  •. 
TH  •. 
LT  •. 


66, 


LT  » 
TM  • 
RT  « 


125 


Acp<oacn  t 


Assign  Lane  Volumes, 
in  vph 

AoDroaeft  3 


D-76 


SUMMARY  OF  VEHICLE  MOVEMENTS 

IntfirRArtion        Winchester  Street  at  Route  9  Eastbound  On/off  Ramp  

t     Date  iq/17/84 Day  of  Wednesday  Weather Fair;  60°F  Community  Newton 


N 


APPROACH  2 

AM  MID  PM 


3.46 

2.4b1 

NA 

NA 

NA 

%Trucka 
Pedestrians 


Winchester  Street 


(Street  Name) 


AM  MID 


PM 


1213 

971 

994 

AM 
MID 
PM 


1104 


1412 


AM  MID 


926 

753 

1084 

178 

239 

328 

Winchester 


(Street  Name) 


AM 

MID 

PM 

%  Trucks 

4.53 

3.43 

0.  85 

Pedestrians 

NA 

NA 

NA 

APPROACH  1 

Peak  Hours 
AM:  8:00-9:00 

MID: 12: 15-1: 15 

PM:  4:45-5:45 


00 

O 

o 

CN 

iH 

m 

CN 

CN 

Q 

2 

< 

1 

CL 

1150 

908 

940 

75 

103 

190 

12251  AM 

ioiiImid 

PM 


11301 


1171 

913 

1240 

• 

C 

• 

m 

o 

*. 

a 

m 

w 

• 

• 

# 

0. 

|oo 

< 

• 

Z 

o 

o\ 

< 

• 

Z 

i— I 

CT\ 

CM 

< 

• 

Z 

fN 

CO 

I 
o 
< 

O 

rr 

£L 
CL 
< 
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CIRCULAR  212  WORKSHEET:  UNSIGNALI ZED  -  3  APPROACHES 
A.M.    Oct.  '84 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:    Rte.    9  EB  ramp 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT   TURN  LANES:  N 


VOLUMES 


APPROACH  A:    Winchester     B:    Winchester     C:  Rte. 

LT        TH  RT        LT        TH        RT  LT 
VOLUME                            0     926      176        75    1150  0  63 

P  E  R  C  E  N  T   GRADE     0.0 O  0 . 0 0  0 . 0 0 

P  E  R  C  E  N  T  C  Y  C  L  E  S              0 .  0 0  0 .  O  0  0 

PASSENGER  CARS            95.00  9S.00  97 

PERCENT  LT   TRU              2.00  1.00  1 

PERCENT  HV   TRU              3.00  1.00  2 

PASS  CAR/'HR                O  76  65 

STEP    1    RIGHT   TURNS  FROM  C:Rte.    9   EB  ramp 

CONFLICTING  FLOWS  1015 

CRITICAL   GAPS  5.0 

CAPACITY  435 

SHARED  LANE  Y 

STEP  2  LEFT  TURNS  FROM  B: Winchester  St. 

CONFLICTING  FLOWS  1104 

CRITICAL  GAPS  5.0 

CAPACITY  398 

DEMAND  76 

CAPACITY  USED  19 

IMPEDANCE  FACTOR  0.87 

AVAILABLE  RESERVE  322 

DELAY  Short  traffic  delay 

LOS  B 

STEP  3  LEFT  TURNS  FROM  C:Rte.    9  EB  ramp 

CONFLICTING  FLOWS  2240 

CRITICAL  GAPS  6.5 

CAPACITY  50 

ADJUST  FOR   IMP  43 

SHARED  LANE  THRU  Y 

SHARED  LANE  RIGHT  Y 

SHARED  LN  DEMAND  316 

CAPACITY  OF   SHARED  LN  153 

AVAILABLE  RESERVE  -163 

DELAY  Fai  1  Lire 

LOS  E* 


CIRCULAR  212  WORKSHEET :  UNS I GNAL I  ZED  -  3  APPROACHES 
MID  Oct.  '84 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:    Rte  9  EB-ramp 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


9 


VOLUMES 
APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A :  Winchester 


B:    Winchester  C: 


LT 

0 
00 


97 
1 


TH 


00 
00 
00 
00 


u 


STEP    1    RIGHT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
SHARED  LANE 


STEP  2  LEFT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST   FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY  OF   SHARED  LN 
AVAILABLE  RESERVE 
DELAY 
LOS 


RT 


LT 

1  03 
(')  „  00 


TH 

90S 

0 .  00 
96 .  00 
2.  00 
2 .  00 


RT 

0 


( ) 


Rte 
LT 

54 

00 


9  EB-ra 
TH  RT 
0  156 


Identify  Lane  Geometry 

Apptogcj!  3 


54 


106 


C:Rte  9  EB-ramp 
873 
5.  0 
501 

Y 


B: Wi nchester  St. 

992 
5 .  0 
445 
1 06 
24 
0.  83 
339 

Short   tra-ftic  delay 
B 


C:Rte  9  EB-ramp 
1884 
6.  5 

80 
66 

Y 
Y 

210 
186 

-24 

Failure 

E* 


u .  oo 

7.100.  00 
0 .  00 
0 .  00 

0  15. 


>- 


r 


3>' 


"22  l|  12 


Approacn  4 


Identify  Volumes,  in  vph 


■  ■ 


T 


LT 


Assign  Lane  Volumes, 
in  vph 

Approach  3 

Tl — 


**prO»cnT 


CIRCULAR  212  WORKSHEET:  UNS I GNAL I  ZED 
P.M.  4:45 


3  APPROACHES 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  tt  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:    Ramp   to  Rte.  9 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT   TURN  LANES:  N 


VOLUME! 


APPROACH 


Winchester     B:    Winchester  C: 


LT 

0 
On 


VOLUME 

PERCENT  GRADE  0. 
PERCENT  CYCLES  0, 
PASSENGER  CARS  99, 
PERCENT  LT  TRU  0. 
PERCENT   HV   TRU  1 , 

PASS  CAR/HR  0 


TH 

1084 


(  MJ 


uu 
no 


STEP    1    RIGHT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
SHARED  LANE 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 


DELAY 
LOS 


STEP  3  LEFT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMF- 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY   OF  SHARED  LN 
AVAILABLE  RESERVE 
DELAY 
LOS 


RT 


LT 
190 
0  •  0  0 


TH 

940 

0 .  00 
98.  00 
1  .  00 
1  .  00 


RT 


0 


19; 


C:Ramp   to  Rte.  9 
124S 
5.0 

344 
Y 


B: Winchester  St. 

1412 
5.  0 

193 
66 
0.41 
1 00 

Very   long  delay 


C:Ramp   to  Rte.  9 
2378 
6.  5 
42 
17 

Y 

Y 

210 
5S 
-152 


Fail  Lire 


Ramp  to  Rte 
LT        TH  RT 
54  0  156 

00 

O.  00 
7.100.  00 

0 .  00 
0 .  00 

54         0  156 


Identify  Lane  Geometry 


Approacji  3 


2D' 


n 


2o' 


"22  1172 


Approach  4 


Identify  Volumes,  in  vph 

Approach  3 


T 


LT 


Approach"*" 


<5 


Assign  Lane  Volumes, 
in  vph 


Approach  3 


ApproacnX 


E* 


CIRCULAR  212  WORKSHEET:  SIGNALIZED  INTERSECTION  -  OPERATIONS  ?•<  DESIGN 
AM  TOPICS 

STEP  ONE  OOTPUT 


NAME 

# THRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  W1D1H 
#K'T  LANES 
AVG  WIDTH 


Winchester  St. 

10 

0 
Q 
0 
0 


Centre 


St. 
1 

12 
1 
11 

O 
0 


NONE 
1 
(3 
0 
0 

o 

0 


RTE  9 


4 

EBrmp 
o 

0 

1 

10 

1 

10 


STEP  TWO  OUTPUT 


LT  VOL 
THRO  VOL 
RT  VOL 
RED  VOL 
TRUCK  7. 
BUS  STOP 


1 

o 

926 
17S 
O 

4.5 

1 


75 
1 1 50 
0 
0 

2  •  3 
1 


0 
0 
0 

o 

0 
0 


4 

63 
0 

245 
0 

2.  9 

0 


STEP  FOOR  OUTPUT 

CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 

G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


60 
60 
12U 
.  02 
1 150 
(j 

120 
0 

t 


60 
60 
12o 
.  B2 
1  104 

o 

120 
75 

t 


60 
60 
120 
.  17 

245 

0 

120 
0 

t 


60 
60 
120 
.  17 

0 

204 
324 
63 

t 


STEP  SIX  OUTPUT 


PHF 
LT  VOL 
THRU  VOL 
RT  VOL 

STEP  SEVEN  OUTPUT 

DP  VOL 
RLE  LTO 
PCE  LTP 
RCE  RT 


1 

0.  93 

0 

1045 

200 


1 

1150 
6 .  00 
1 .  20 
1 .  00 


Bl 

A  2 
B3 

A1B2 


UN PROTECT  LT 
4S0 
1230 
77 
1245 


0 .  96 

SO 
1 230 
0 


1 1 04 
6 .  00 
1  .  05 
1  .  00 

PROTECT  LT 
B4 

1230 
Bl 

1245 


0 .  00 

0 

o 

0 


1 .  00 
1 .  20 
1  .  00 


4 

0.84 
77 

0 

300 


4 

0 

1 .  00 
1 .  05 
1 .  00 


STEP  EIGHT    AND  NINE   A  OUTPUV 


Bl 

B3 

Pi  1  b'2 

**  The  critical 


UN PRO  FEC T  L  T 
4fc30 
1230 
77 
300 
654 

.lane  volume  occurs  in 


prch  ec  r  l  c 

84 

1230 

bl 

300 
654 

the  exclusive  right  turn 


1 ane (s ) 


EP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1    ?<  2 


1230 
1314 
1  230 
1883 


1-  one  phase  only 

2-  two  phase,  one  le-ft  protected,  no  overlap 

3-  two  phases,  one  le-ft  protected,  overlap 
8-two  phases, di recti onal  split 


POSSIBLE  PHASES  APPROACHES  3  ?•<  4 


300 

1 

-one 

phase 

onl  y 

381 

-two 

pha 

se, 

one  le-ft 

protected.no  overlap 

300 

-two 

pha 

ses 

.one  left 

protected. over!  ap 

300 

8 

-two 

pha 

sen 

.directional  split 

Phasing  1?<2 

Phasing  3 

8c4 

v/c 

SUM  CV 

Capaci  ty 

L( 

1 

1 

0 .  85 

1530 

1 800 

D 

1 

8 

0 .  89 

1530 

1720 

D 

3 

1 

0.  89 

1530 

1720 

D 

1 

3 

0 .  89 

1530 

1720 

D 

3 

0.  93 

1530 

1650 

E 

3 

8 

0 .  93 

1530 

1650 

E 

1 

j- 

0.94 

161 1 

1 720 

E 

2 

1 

0 .  94 

1614 

1 720 

E 

0.  98 

161  1 

1650 

E 

2 

8 

0 .  98 

1614 

1650 

E 

*■> 

0.98 

1614 

1650 

E 

'2 

1 .  03 

1695 

1 650 

F 

8 

1 

1 .  27 

2183 

1720 

F 

8 

3 

1 .  32 

2183 

1650 

F 

8 

8 

1.32 

2183 

1650 

F 

8 

1.37 

2264 

1650 

F 

Identify  Lane  Geometry 


ujjrj 


identify  Volumes,  in  vph 


T 


LT 


Approach  i 


Assign  Lane  Volumes, 
in  vph 

T 


Appro*d  4 
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CIRCULAR  212  WORKSHEET:  SIGNALIZED  INTERSECTION  - 
MID  TOPICS 


OPERATIONS  &  DESIGN 


TEP  ONE  OUTPUT 


NAME 

frTHRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
*K'T  LANES 
AVG  WIDTH 

STEP  TWO  OUTPUT 


Winchester  St 


Centre 


10 

O 
O 
0 
0 


Jt. 
1 

12 
1 
11 

0 

o 


NONE 
1 
8 
0 
(.") 
0 
0 


RTE  9 


4 

EBrmo 
0 
0 

1 

10 

1 

10 


LT  VOL 
THRU  VOL 
RT  VOL 
F'ED  VOL 
TRUCK  V. 
BUS  STUP 

STEP  FOUR  OUTPUT 

CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 

G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 

STEP  SIX  OUTPUT 


1 

0 

753 

239 
0 

3.4 
1 


60 
60 
120 
•  85 
908 
1 12 
2  3  2 

0 


103 
908 
O 
O 


60 
60 
120 
•  85 
992 
28 
148 
103 


0 
0 

o 
o 

,  0 
0 


60 
60 
120 
.  14 
160 
8 
128 
0 

t 


4 

63 
0 

160 
0 

1.8 

O 


60 
60 
120 
.  14 
0 

168 

288 
63 

t 


PHF 
LT  VOL 
THRU  VUL 
RT  VUL 

STEP  SEVEN  OUTPUT 


OP  VOL 
PLE  LTO 
PCE  LTP 
PCL  RT 


El 

A2 
B3 

A1B2 


1 

0 .  90 
O 

870 
275 


1 

908 
4 .  00 
1 .  20 
1 .  00 

UN PRO T EC T  LT 
474 
1049 
71 
1  144 


O.  90 
118 

1049 
0 


992 
4.  00 
1 .  05 
1  .  00 

PROTECT  LT 
124 
1049 
75 
114  4 


0 .  00 

o 

0 

o 


160 
1 .  00 
1  .  20 
1  .  00 


4 

0.  90 
71 

0 

181 


4 

0 

1.00 
1 .  05 
1 .  OV 


STEP  EIGHT    AND  NINE   A  0UTPU1 


UNPROTECT  LT 
474 
1049 
71 
181 
601 


PROTECT  LT 
124 
1049 
7b 
181 
601 


Bl 

«2 

A4#* 
A 1 B2 

**  The  critical  lane  volume  occurs  in  the  exclusive  right  turn  laneisJ 
STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES   1   ?<  2 


1049 
1 173 
1  049 
1649 


1-  one  phase  only 

2-  two  phase,  one  left  protected.no  overlap 

3-  two  phases. one  left  protected , over 1 ap 
8-two  phases, directional  split 


POSSIBLE  PHASES  APPROACHES  3  &  4 

181 

256 
181 

lbi 


1-one  phase 

on  .1  v 

2-two  phase,  one  le-ft 

protected.no  overlap 

3- two  phases 

.one  left 

protected . overl ap 

8-two  phases 

.directional  split 

1&2 

Phasing  3&4 

v/c 

SUM  CV 

Capaci  ty 

L( 

1 

1 

0.  68 

1 230 

1800 

C 

1 

8 

0 .  7 1 

1230 

1720 

C 

3 

1 

0.71 

1230 

1720 

C 

1 

3 

0 .  7 1 

1230 

1 720 

c 

3 

0.  75 

1230 

1650 

c 

3 

8 

0 .  75 

1230 

1650 

c 

1 

*-\ 
X- 

0.  76 

1304 

1720 

c 

2 

1 

0.  79 

1354 

1 720 

D 

0.  79 

1304 

1650 

D 

2 

8 

0 .  82 

1354 

1650 

D 

0.  82 

1 354 

1 650 

D 

2 

2 

0.  87 

1429 

•    1 650 

D 

8 

1 

1  .  06 

1830 

1 720 

F 

8 

3 

1.11 

1830 

1 650 

F 

8 

8 

1.11 

1 830 

1650 

F 

8 

2 

1 .  15 

1905 

1650 

F 

Identify  Lane  Geometry 


Approach  * 


Identify  Volumes,  in  vph 

Aporoaen  3 


P  X 


LT 


ICpO 


43 


XpproScn  * 


Assign  Lane  Volumes, 
in  vph 

Aooroacfi  3 

~nr- 
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CIRCULAR  212  WORKSHEET:  SIENMLIZED  INTERSECTION  -  OPERATIONS  &  DESIGN 
PN  TOPICS 


STEP  ONE  OUT  PUT- 


NAME 

*THRU  LANES 
AVG  WIDTH 
frLT  LANES 
AVG  WIDTH 
*RT  LANES 
AVE  WIDTH 


Winchester  St. 

«-> 

10 

o 

0 
0 
0 


Centre  St. 

1 

12 
1 

1 1 

0 
0 


NONE       RTE  9  EBrmo 

1  0 

8  0 

0  1 

0  1 0 

0  1 

0  10 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
R  r  VOL 
RED  VOL 
TRUCK  7. 
BUS  STOP 


1 

0 

1084 

328 
0 

0 .  9 
1 


2 

190 
940 

0 
0 

X.  •  i-J 


0 


0 
0 
0 
0 

,  0 
0 


4 

34 
0 

136 

O 

0.  5 

O 


STEP  POUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
L  I"  CAP  ON  CI 

E/C 
DP  VOL 

LT  CAP  ON  OR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


60 
60 
120 
.  83 

940 
80 
200 
0 

t 


.  60 
60 
120 
.85 
1412 
0 

120 
190 
f 


60 
60 
120 
.  14 
156 
12 
132 
0 


60 
60 
120 
.  14 

0 
168 
288 
54 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VUL 
RT  VOL 


1 

0 .  92 

0 

1 193 

360 


0 .  96 
203 
1008 
0 


0 .  00 

0 
0 
0 


0.  95 
57 
0 

165 


STEP  SEVEN  OUTPUT 

UP  VOL 
PCE  LTU 
PCE  LIP 
PCE  RT 


1 

940 
4 .  00 
1  .  20 
1 . 00 


1412 
6.  00 
1  .  05 
1 .  00 


156 
1  .  00 
1 .  20 
1 .  00 


4 

0 
00 
05 
00 


Bl 

A2 
B3 

A 1 B2 


UN PROTECT  LT 
1217 
1 008 
57 
1553 


PROTECT*  LT 
213 
1008 
6U 
1533 


D-35 


STEP  EIGHT   AND  NINE  A  OUTPUT 


Bl 

A  2 
B3 

A4** 
A  lb' 2 


UNPROTECT  LT 
1217 
lUOB 
57 
165 
815 


PROTECT  LT 
213 

60 
165 
815 


**  The  critical  lane  volume  occurs  in  the  exclusive  right  turn  lane(s) 
STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES  1   &  2 


1217 
1221 
1  028 
1823 


1-  one  phase  only 

2-  two  phase, one  left  protected, no  overlap 

3-  two  phases,  one  le-ft  protected ,  over  1  ap 
8-two  phases , di recti onal  split 


POSSIBLE  PHASES  APPROACHES  3  S<  4 


165 

1 

-one 

phase 

on  1  y 

225 

-two 

phase , 

one  le-ft 

prctected,no  overlap 

165 

-two 

phases 

.one  le-ft 

protected ,  over]  c.<p 

165 

8 

-two 

phases 

, directional  split 

Phasing  1&2 

Phasing  3&4 

v/c 

SUN  CV 

Capaci tv 

LO 

1 

0.  69 

1 1 93 

1720 

C 

3 

0 .  72 

1 193 

1650 

C 

3 

8 

0.  72 

1 193 

1650 

C 

2 

0 .  76 

1253 

1 650 

C 

1  * 

1 

0.  77 

1382 

1800 

C 

1* 

o 

0 .  80 

1382 

1720 

D 

1* 

8 

0 .  80 

1382 

1720 

D 

1 

0 .  8 1 

1386 

1720 

D 

1* 

2 

0.  84 

1442 

1720 

D 

»■> 

3 

0 .  84 

1386 

1 650 

D 

*-> 

8 

0.  84 

1386 

1650 

D 

2 

0 .  88 

1446 

1650 

D 

8 

1 

1  .  16 

1988 

1720 

F 

8 

o 

1  .  20 

1988 

1650 

F 

8 

8 

1 .  20 

1988 

1650 

F 

8 

1  .  24 

2048 

1 650 

F 

This  phasing  may  be  inappropriate  due  to 
see  STEP  FOUR  OUTPUT  above 


le-ft  turn  restrictions 


Identify  Lane  Geometry 


it'll' 
I 


Ml 


22' 


10' 


n 


1AX  ->J. 


Identify  Volumes,  in  vph 

Aooroact  3 


LT 


It 


Assign  Lane  Volumes, 
in  vph 

Ao©ro»eh  3 


Approach? 


SUMMARY  OF  VEHICLE  MOVEMENTS 

Centre  Street/Winchester  Street  at     Route  9  Westbound  On/Off 
Ramps  Fair  to  Partly 

Date  iQ/16/84  Day  of  WppU  Tuesday     Weathercloudy  ^Community  ^l£H — 


Intersection 


i 
o 
< 
o 

£E 
Q. 
CL 
< 


<n 

B 

C 

Jf 

« 

U 

Tru 

dest 

# 

« 
a 

O 

< 

2 

i-H 

CN 

00 

< 

2 

CN 

O 

CO 

< 

2 

"3" 

a. 
g 

05 

c 

o 


CQ 

ai 
a) 

+J 
D 

0 
05 


2 

o 

5 

< 

£L 

rH 

(N 

0\ 

<  r 

o 

< 

CN 

CTi 

2 

ro 

< 

2 

00 

rH 

<C 

CN 

00 

2 

rH 

(Street  Name) 
APPROACH  3 


AM 

MID 

PM 

%  Trucks 

3.66 

5.61 

3.09 

Pedestrians 

NA 

NA 

NA 

Peak  Hours 

AM:  7:45-8:45 
MID  :  12.:  30-1 :  30 
PM-*  5:00-6:00 


CTi 
O 
ro 


CN 


CN 
CTi 

ro 


T 


2 


2 


N 


APPROACH  4 


2.27 

3.60 

1.40 

NA 

NA 

NA 

%  Trucks 
Pedestrians 


Centre  Street 


(Street  Name) 


AM 

MID 

PM 

HI 

141 

124 

901 

775 

878 

NA 

NA 

NA 

1056  815 


1102 


00 

ro 

00 

rH 

rH 

a 

E 

r- 

m 

Ra 

CN 

CN 

i 

CN 

m 

CN 

O 

o 

o 

CN 

rH 

WB 

CXi 

t 

i 

te 

O 

rH 

in 

rH 

CN 

CN 

CN 

Ro 

AM 

MID 

2 
0. 

CM 
I 

o 
< 
o 

rx 
o. 

CL 
< 


00 

< 

a 

2 

CN 

< 

• 

2 

00 

<C 

• 

2 

as 

« 

c 

o 

« 

3 

w 

• 

de 

e 

0. 

1012  (am 


916 


1002  pm 


MID 


D-87 


CIRCULAR  212  WORKSHEET:    UNSIGNALI ZED  -  A  APPROACHES 


A.M.  Oct. 


34 


GENERAL  CHARACTERISTICS 

CONTROLS:  STOP 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:    Rte  9  WB  Of-f-r 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT   TURN  LANES:  N 


APPROACH:    D:    Rte.    9  On -ramp. 
EXCLUSIVE  LEFT   TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A :    Wine  h 


ter 


L" 


0 .  00 


TH 
1034 


96, 


oo 

00 
0  0 


I. ) 


Centre  St.      C:    Rte  9  WB  Of   D:    Rte.    9  On- 


LT 


0.  00 


0 , 
98, 
1  , 
1 , 


TH 

901 

00 
00 
00 
,'")(') 


RT 


LT 


"H 


28! 


0 


1 1 1      202  4 
0 .  00 

0 .  00 
94.  00 
3.  00 
3 .  00 
21  1  4 


RT 
10 


TH 

0 


10 


LT 
12 
0 .  00 

0 .  00 
96.  00 
2.  00 
2.  00 
12  0 


STEP   1    RIGHT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 
AVAILABLE  RESERVE 
DELAY 
LCS 


C:Rte  9  WB  Of-f-r 
1 034 
6 .  0 
289 
10 
4 

0.  98 
Y 

O 


D:Rte.    9  On -r amp 
957 
6.  0 

317 

26 
0 . 80 
N 

234 

Average  traffic  dela 
C 


TURNS 
FLOWS 


STEP  2  LEFT 
CONFLICTING 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


FROM  B: Centre  St. 

1034 


5 .  0 

427 
0 

o 

1 .  00 

427 

Little  or  no  delay 
A 


A: Winchester  St. 
1012 
5 .  0 
436 
285 
65 
0.41 
151 

Long   traffic  delay 
D 


t  c c-          TMr.i  i    i_i ni  j i —  c-    crd-n m 
b  1  Lh    _•    IHhU   nUvha  rhurl 

L : Kte   v  WB  Of t  — 

PflMCI     T  PT  T  KIP      C~  1    (~tl .  1 

rni    r  i  r*-/\i  r-/\t 

Lhi  1  i  LhL  bHf-b 

f~  a  C'  /\  c  t  "T  \y 
Lrir HL  I  1  Y 

AH  11  ICT     CnC1  TMD 

HLMUb  1    run,  irlr 

1  4 

4 

PADAPTTV     1  Id- err*, 

30 

1 nr LuhNLL  FACTOR 

.  0.  77 

SHARED  LANE  LEFT 

Y 

SHARED  LANE  RIGHT 

Y 

AVAILABLE  RESERVE 

0 

DELAY 

LOS 

D:Rte.    9  On— ramp 
2268 
7.  0 
36 
15 
0 

o 

1 .  00 

N 
N 

0 

Very   long  delay 


STEP  4  LEFT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
DEMAND 

SHARED  LN  DEMAND 
CAPACITY  OF  SHARED  LN 
AVAILABLE  RESERVE 
DELAY 
LOS 


C:Rte  9  WB  Off-r 
2404 
7.5 


Y 

21  1 

if  r  O 

6 

-218 


Fai 1 ure 


D:Rte.    9  On-ramp 

2282 


Fai 1 ure 


26 


N 
N 


E* 


12 
0 
0 

-4 

E* 


Identify  Lane  Geometry 


15'  II  15' 


IS 


4 


«•  — 4 


23"  i  22' 


1 


ApprOACn  4 


Identify  Volumes,  in  vph 


RT.__12_ 

TM  -4- 


Approve 


Assign  Lane  Volumes, 
in  vph 

Approach  3 


XpproacnT 


1) 


9 


D-89 


CIRCULAR  212  WORKSHEET:  UNSIBMALI ZED  -  4  APPROACHES 
MID  Oct.  '04 


GENERAL  CHARACTERISTICS 

CONTROLS:  STOP 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET   8  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:    Rte.    9  WB  Off- 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT   TURN  LANES:  N 


APPROACH:    D:    Rte.    9  On-ramp 
EXCLUSIVE  LEFT   TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  V 


VOLUMES 

APPROACH  A:    Winchester     B:    Centre  St.      C:    Rte.    9  WB  0  D:    Rte.    9  On- 

LT        TH  RT        LT        TH  RT        LT        TH  RT        LT  TH 

VOLUME                       144      7S3  0          0     775  141      227  5  24  8  0 

PERCENT  GRADE     0.0 0  0 . 0 0  0-0 0  0 . 0 0 

PERCENT   CYCLES              0.00  0.00  0.00  0.00 

PASSENGER  CARS            94.00  96.00  93.00  97.00 

PERCENT  LT   TRU              3.00  2.00  3.00  1.00 

PERCENT  HV  TRU              3.00  2.00  4.00  2.00 

PASS  CAR/HR            150  0  239         5  20         S  0 


STEP    1    RIGHT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 
AVAILABLE  RESERVE 
DELAY 
LOS 


C :  R 


9  WB  Qf-f- 
703 
6 .  0 
391 
25 


U, 


to 

o 


D:Rte.    9  On-ramp 
046 
6 .  0 
363 
65 
18 
0.  88 
N 

298 

Average  traffic  del  a 
C 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


B : Centre 


Little 


733 
5 .  0 

543 

0 
0 

1  .  00 

543 
or  no  del  ay 


A: Winchester  St. 
916 
5 .  0 

430 
150 
31 
0.  76 

3  3  0 

Short   traffic  delay 


STEP  3  THRU  MOVES  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST   FOR  IMF- 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE  LEFT 
SHARED  LANE  RIGHT 
AVAILABLE  RESERVE 
DELAY 
LOS 


C: Rte, 


9  WE<  Of-f- 
1343 
7.  0 
65 
49 

U 
1  1 

0.  93 

Y 
Y 

0 


D:Rte.    9  On-ramp 
1773 
7 .  0 

72 
54 

0 
0 

1 . 00 
N 
N 

0 

Very  long  delay 


STEP  4  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 


C: Rte. 


FOR  IMP 
LANE  THRU 
LANE  RIGHT 


ADJUST 
SHARED 
SHARED 
DEMAND 

SHARED  LN  DEMAND 
CAPACITY  OF  SHARED 
AVAILABLE  RESERVE 
DELAY 
LOS 


LN 


WB  Off- 
1 906 
7.5 

46 
31 

Y 

T 

O  T  O 

270 
34 


Fai  1  ure 


D:Rte.    9  On-ramp 
1 802 
7.5 

54 

37 

N 
N 

B 
0 
0 
23 

Very  long  delay 


Identify  Lane  Geometry 


II  is' 


15' 


X 


1 


Appro*cs>  4 


Identify  Volumes,  in  vph 

o 

J 


Aoo'ojcn  3 


LT 


AppttMC 


Assign  Lane  Volumes, 
in  vph 

Apofoich  3 


Xpproaen  4 
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CIRCULAR  212  WORKSHEET :  UN5IGNALI ZED  -  4  APPROACHES 
P.M.    Oct.  '34 


GENERAL  CHARACTERISTICS 

CONTROLS:  STOP 

PREVAILING  SPEED:.  30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:    Rte  9  WE  Off-r 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH:    D:    Rte  9  On-ramp 
EXCLUSIVE  LEFT   TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


VOLUMES 

APPROACH              A:    Winchester     B:    Centre  St.      C:    Rte  9  WB  Of   D:    Rte  9  On-ra 

LT        TH  RT        LT        TH  RT        LT        TH  RT        LT        TH  RT 

VOLUME                       1S2   1081  0         0     B78  124      IBS         3  19         2         0  90 

PERCENT   GRADE     0.00  0.00  0.00  0.00 

P ERCEN T  CYCLES              0 .  0 0  < ."> .  0 0  0 .  0 0  0 .  0 0 

PASSENGER  CARS            97.00  99.00  97.00  99.00 

PERCENT   LT   TRU               1.00  0.00  1.00  0.00 

PERCENT  HV   TRU              2.00  1.00  2.00  1.00 

PASS  CAR/HR            1S7  0  193          3  19          2  0  91 


STEP   1   RIGHT  TURNS 
CONFLICTING  FLOWS 
CRITICAL • GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 
AVAILABLE  RESERVE 
DELAY 
LOS 


FROM  C:Rte  9  WB  Off-r 

1081 
6.  0 

19 
7 

0.  96 

Y 

0 


D:  Rte 


9  On-ramp 
940 
6 .  0 
324 
91 
2B 
0.  79 
N 


Average  traffic  dela 
C 


STEP  2  LEFT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


B: Centre  St . 


Little 


10S1 
5 .  0 

407 
0 

o 

1  .  00 

407 
or  no  delay 
A 


A:Winchester  St. 
1 002 
5.  0 
441 
187 
42 
0.  65 
254 
traf f i c 
C 


Average 


del  a 


I 


STEP  3  THRU  MOVES  FROM  C:Rte  ?  WB  O-f-f-r  D:Rte  9  Dn-ramp 

CONFLICTING  FLOWS  2265  2203 

CRITICAL   GAPS  7.0  7.0 

CAPACITY  36  39 

ADJUST  FOR   IMP  23  26 

DEMAND  3  0 

CAPACITY  USED  13  0 

IMPEDANCE  FACTOR  0.92  1.00 

SHARED  LANE  LEFT  Y  N 

SHARED  LANE  RIGHT  Y  N 

AVAILABLE  RESERVE  0  0 
DELAY                                                                                                 Very  long  delay 

LOS  E 


STEP  4  LEFT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 

LANE  THRU 
LANE  RIGHT 


SHARED 
SHARED 
DEMAND 
SHARED 


LN  DEMAND 
CAPACITY  OF  SHARED 
AVAILABLE  RESERVE 
DELAY 
LOS 


LN 


CsRte  9  WB  Off-r 

xL  ■-'  •_'  uJ 

7.5 


12 

Y 
Y 

193 
215 
13 
-202 


Fai  1  Lire 


E* 


D:Rte  9  On-ramp 
2225 
7.5 
26 
16 

N 


0 

o 

14 

long  delay 
E 


Ver  y 


Identify  Lane  Geometry 


ApCOKft  3 


Approacn  4 


4 


Identify  Volumes,  in  vph 


lt  ■ 

RT  i 


Approach  3 


.  19 


teg 


Approach  * 


Assign  Lane  Volumes, 
in  vph 

Approach  3 


l<3 

sag  ^ — 


App/ojcn  4 


D-93 


Identify  Lane  Geometry 


15*  II  15' 


4 


,1 


Approve*  7 


LT  •_ 
RT  •. 


Identify  Volumes,  in  vph 

Approach  3 


T 


BT 
TH 
LT  •. 


ApproS 


Assign  Lane  Volumes, 
in  vph 

Approach  3 

T 


XpproacnT 
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CIRCULAR  212  WORKSHEET :  SIGNALIZED  INTERSECTION  -  OPERATIONS  Z>.  DESIGN 
A.M.  TOPICS 


STEP  ONE  OUTPUT 


NAME 

ttTHRU  LANES 
AVG  WIDTH 
ttLT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


1 

Winchstr  EB 
1 

12 
1 
1 1 

0 
0 


Centre? 


2 
St. 
1 

15 

0 

o 
o 

0 


Rte  9  WBrampRte.9 
1 

15 

0 

o 
o 


Off 


4 

ramp 
1 

15 
0 
0 
1 

15 


STEP   TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  7. 
BUS  STOP 

STEP  FOUR  OUTPUT 

CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 

G/C 

OF'  VOL 

LT  CAP  ON  BR 
LT   TOT  CAP 
LT  VOL 

PASS  CHK 

STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 

STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  PT 


1  034 

0 
0 

3 .  7 
1 


60 
120 


1012 

0 

120 


UNF  Ri 


B2 

Al 


Z>  c.)  yt 

109S 
0 


1012 
6 .  00 
1  .  05 
1 .  00 

:ct  LT 

175G 

1  093 


o 

901 
1  1  1 
(") 


60 
60 
120 

OT 

1034 

0 

120 
0 

t 


0.  94 

0 

9S5 
121 


1034 
6 .  00 
1 .  20 
1 .  00 


12 

0 

0 

4.3 

0 


60 

60 
120 
.  16 

14 
17S 
298 

12 

t 


0.  65 

19 

0 

130 


14 
1  .  00 
1  .  20 
1  .  00 


4 

202 
4 
10 
0 

6.5 
1 


60 
60 
120 
.  16 
81 
111 
231 
202 
t 


4 

0.34 

256 
10 
13 


4 
31 
1 .  00 
1 .  20 
1  .  00 


PROTECT  LT 

303 
109S 


STEP  EIGHT  AND  NINE   A  CiUTFUT 

UN PROTECT  LT 


B2 

a  i 

A2B1 
A3B4 
A4B3 


1  / 

1 098 
995 
134 


PROTECT  LT 
3  OS 
1  098 
995 
138 


STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES    1    &  2 


1758 
1405 
1302 
2093 


1-  one  phase  only 

2-  two  phase, one  left  prot ec ted , no  overlap 

3-  two  phases, one  le-ft  pr ot ected  , over  1  ap 
8— two  phases , di  recti  onal  split 


POSSIBLE  PHASES  APPROACHES  3 


1-one  phase  only 

423 

8— two  phases , d i rect i onal 

spl 

it 

Phasing  12/2 

Phasing  3&4  v/c 

SUM  CV 

Capaci  t y 

LOS 

"^^SeA  — >3 

1              0 .  90 

1542 

1720 

E 

1              0 .  96 

1645 

1720 

E 

8              1  .  05 

1726 

1650 

F 

8  1.11 

1829 

1650 

F 

1* 

i  1.11 

1997 

1800 

F 

1* 

8               1  .  27 

2131 

1720 

F 

8 

1               1  .  36 

1 720 

F 

a 

2516 

1650 

F 

*  This  phasing   may  be   inappropriate  due 

to 

le-ft  turn 

restri ct i  ons 

see  STEP 

FOUR  OUTPUT  above 

i  i             .  — — —  ^ 

identify  Lane  Geometry 

Aponaxw  3 


IT 


4 


|5 


e;V«ii1cf 

Approve  * 


TM  •. 


10 


LT 


Approach  4 


Assign  Lane  Volumes, 
in  vph 


*OfKO»efi  3 


c 


D-96 


CIRCULAR  212  WORKSHEET:  SIGNALIZED  INTERSECTION  -  OPERATIONS  ?<  DESIGN 
MID  TOPICS 


STEP  ONE  OUTPUT 


NAME 

#THRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
#.RT  LANES 
AVG  WIDTH 


1 

Winchstr  ED 
1 

12 
1 

1  1 

0 
0 


Centre  St.      Rte  9  WBrampRte.9  Off  ramp 


1 

15 

0 
0 
(I) 
0 


1 

15 

0 
0 
0 
0 


15 

o 
o 
1 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  '/. 
BUS  STOP 


1 

144 
i  034 


6 
1 


8 

n 


24 

0 

6.6 
1 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT   CAP  ON  CI 

f~ ■  !  <~- 
\D  !  '—i 

DP  VOL 

LT  CAP  ON  GR 
LT   TOT  CAP 
LT  VOL 

PASS  CHK 


60 
60 
120 
.81 
916 

176 
144 

t 


60 
60 
1  20 
.  SI 
1  034 
0 

120 

0 

t 


60 
60 
1  20 
.  13 
29 
137 


60 
60 
120 
.  18 
63 
153 
273 

t 


IX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


160 
1  154 
(") 


0.  96 

0 

841 
152 


0.  74 
1  1 

(") 


4 

0 .  90 

269 
10 
28 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 

PCE  RT 


4.  00 
1  .  05 
1 .  00 


1034 
6.  00 
1  .  20 
1  .  00 


29 
1  .  00 
1  .  20 
1 .  00 


4 
63 
1 .  00 
1 .  20 
1 .  00 


B2 


A2D1 
A3B4 

A4B3 


UNPRDTECT  LT 
640 
1  154 
oo~r 

99 
279 


PROTECT  LT 
163 
1  154 
993 
101 


STEP  EIGHT   AND  NINE  A  OUTPUT 

UNPROTEC7  LT 


PROTECT  LT 


jL. 

640 

168 

Al 

1  154 

1  154 

A2B1 

893 

893 

A3B4 

89 

91 

A4E-!3 

1 

J  i 

TJ  O  (") 

STEP  TEN 

GUTF'UT 

POSSIBLE 

PHASES 

APPROACHES   1   &  2 

1  154 

1- 

-one?  phase  only' 

1  ^ 

•■5  _ 

- i* iai n    nhi^cip    n  n  £3    1  p-f  t"  n^r^ 

-f-    r-  +"    r!    n  n    n\zoF"  1  an 

1  154 

3_ 

-two  phases, one  left  pr 

ot ec ted , over  1 ap 

'  2047 

8- 

-two  phases , di recti onal 

s  p  1  it 

POSSIBLE 

PHASE5 

APPROACHES  3  8<  4 

25 1 

i  . 

L 

'_'  1  1  cr     L'  i  1  d.  r         Ul  1  i  y 

P- 
D 

"two    phfiEBS  ^  Q1  TSCt  1  OHcil 

SP  J.  1  T_ 

F'h  si s  i  n  q  l 

*  p:. 

loal  MU            -r           V  /  C 

C|  IN!  pu 

L  a  p  3.  c  1 1  y 

1  etc; 

i 
i 

1                       f")     7  R 

x  ■_•  >J  L-' 

n 
L/ 

T^-u^ico  — *  3 

1                        f"l     Q  *-» 
I                      U.  bil 

1  jx  i"i 

1  "7*"Jf"l 
1  /jiU 

p, 

1 

8              0 .  90 

1544 

1  720 

E 

1  0.91 

1573 

1720 

E 

8  0.94 

1544 

1650 

E 

<-> 

8               1  .  04 

1712 

1650 

F 

S 

1              1 .  34 

2299 

1720 

F 

S 

G               1  .  48 

2433 

1650 

F 

Identify  Lane  Geometry 

ApgfOjCW  3 


41 


Identify  Volumes,  in  vph 

ApprOKft  3 


T 


24 


TM 

LT  ._a£±. 


LT 


as 


Appro*' 


Assign  Lane  Volumes, 
in  vph 

Approtefi  3 


c 
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C 


► 


CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  - 


OPERATIONS  &  DESIGN 


P.M.  TOPIC; 


STEP   ONE  OUTPUT 


NAME 

#THRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
mi  LANES 
AVG  WIDTH 


12  3  4 

Winchstr   EB         Centre  St.  Rte  9  WBrampRt e . 9  Off  ramp 

1111 

12                           15  15  15 

1                             0  0  0 

11                             0  0  0 

0                           0  0  1 

0                             0  0  15 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  % 
DUS  STOP 


182 
1001 

0 

o 

3.  1 

1 


0 

878 
124 
0 

1  .  4 
1 


(.) 
90 
0 
1  .  1 

n 


4 

188 

19 

0 

2.9 
1 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT   CAP  ON  CI 
G/C 

OP  VOL 

LT  CAP  ON  GR 
LT   TOT  CAP 
LT  VCL 
PASS  CHK 


60 
60 
120 
.  84 
1  002 

L. 

126 
182 


60 
60 
120 
.  34 
1081 
0 

120 

0 


60 
60 
120 


158 

■77P 


60 
60 
120 
.  15 
90 
90 
210 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


0.91 

206 
1229 
0 


0.  92 

0 

972 
137 


O.  /2 


(") 


4 

O.  86 


23 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 

PCE  RT 


1 

1 002 
6.  00 
1  .  05 

i .  on 


1081 
6.  00 
1  .  20 
1 .  00 


1  .  00 
1  .  20 
1 .  00 


4 
90 
1 .  00 
1 .  20 
1  .  00 


UNPROTl 


B2 

Hi 

A2B1 
A3B4 


:ct  LT 

1237 
1229 
1  109 
129 


PRQTEI 


T  LT 
216 
1229 
1  109 
130 


STEP   EIGHT  AND  NINE  A  OUTPUT 


Al 

A2B1 
A  3D  4 
A4B3 


UNPROTEG7  LT 
1237 

99S 
116 
210 


PROTECT  LT 
216 
1229 
998 
117 
250 


STEP   TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES   1   &  2 


1237 

1— one  phase 

on  1  y 

1446 

2— two  phase, 

one   le-ft  prot 

ec t ed , no  overlap 

1 229 

3— two  phases 

,one  le-ft   protected  ,  over  1  ap 

2227 

8~two    D h 3 s t=> s 

,  di  recti  onal 

sp  1  i  t 

POSSIBLE  PHAS 

ES  APPROACHES 

3  &  4 

210 

1— one  phase 

onl  y 

B— two  phases 

, di  recti  onal 

split 

Phasing  1&2 

Phasing  3£<4 

v/c 

SUM  CV 

Capaci  ty 

LC 

1* 

1 

0 .  80 

1447 

1 800 

D 

1 

0.  S4 

1439 

1720 

D 

1* 

B 

0 .  93 

1604 

1720 

E 

1 

J. 

0 .  96 

1655 

1720 

E 

8 

0.  97 

1596 

1650 

E 

1 .  1  0 

1813 

1650 

F 

s 

1 

1  .  42 

2437 

1720 

F 

O 
D 

o 

1  .  57 

4 

1650 

F 

*  This  phasing  may  be   inappropriate  due  to   left   turn  restrictions 
see  STEP  FOUR  OUTPUT  above 


Identify  Lane  Geometry 


A 


13 


15 


if. 


I 

15 


'  !!  i 


rS'W'  i'r_' 


identify  Volumes,  in  vph 


4 


LT  •  L. 

rt._3£L 


XSSraSe 


It 


73% 


Assign  Lane  Volumes, 
in  vph 

Aooroach  3 


T 


I 
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SUMMARY  OF  VEHICLE  MOVEMENTS 

IntPrSPP.tinn  Nahanton  Street  @  Vfells  Avenue  &  the  Jewish  Corrrnunity  Canpus 


Date 


9/19/84 


Day  of  XA/PPk  wsdnesdav  Weather  .Fair  60  F  Community. 


Newton 


i  i 


2 

a. 


•  c 
jc  m 

o  ~ 

2  S 

#  a 


I 
O 
< 

o 

cr 
a 
a. 
< 


o 

• 

< 

o 

CTi 

lo 

H 

r<— 1 

M 

• 

CM 

rH 

u 

•H 
C 
3 


O 
U 

XI 
10 
•H 

3; 

QJ 
1-0 


555  605 


1103 


Nahanton  Street 


(Street  Name) 
APPROACH  3 


%  Trucks 
Pedestrians 


0.96" 

1.19 

0.42 

NA 

NA 

NA 

AM 
MID 
PM 


Peak  Hours 
8:00-9:00 

12: 30-1:30 
4*30-5:30 


in 

rH 

-c=L 

AM 

MID 

PM 

AM 

1460 

67 

22 

2  3 

MID 

557 

657 

256 

631 

PM 

718 

736 

279 

64 

2 

rH 

• 

E 

Q. 

m 

CXi 

• 

Z 

Q 

rH 

CTi 

r- 

m 

• 

1 

• 

w 

05 

w 

rH 

in 

< 

iH 

oo 


CM 


T 


CN 

rH 


CT> 

m 

in 

CN 

r» 

o 

CN 

rH 

m 

CN 

CN 

CN 

CTi 

00 

rH 

in 

rH 

4 

i 

< 

rn 

CO 

00 

in 

CTi 

rH 

CN 

CN 

00 

2 

□ 

2 

< 

I 

a. 

CD 

C 

<D 
> 


0) 
2 


APPROACH  4 


0.0 

1.2  9 

0.47 

NA 

NA 

NA 

%  Trucks 
Pedestrians 


Nahanton  Street 
(Street  Name) 


AM 

MID 

PM 

93 

134 

62 

895 

AM 

454 

307 

529 

622 

MID 

-4- 

348 

181 

47 

628 

PM 

861 


351 


1006 


CM 

X 

o 
< 
O 
rr 
o. 
o. 
< 


o 

00 

< 

• 

o 

rH 

e 

< 

rH 

O 

00 

• 

< 

o 

• 

• 

M 

c 

O 

m 

3 

w 

t- 

• 

• 

# 

• 

a 
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CIRCULAR  212  WORKSHEET:    UNSIGNALIZED  -  4  APPROACHES 

AM  9/B4     ASSUME  XLEFT  ON  WELLS  AVE  «ND  COMMUNITY  CAMPUS     RIGHT/DECEL  ON  NAHANTON 
ST  EB 

f 

GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES  9 
APPROACH:    C:   Wells  Ave. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES :  N 


APPROACH:    D:    Community  Camp 
EXCLUSIVE  LEFT  TURN  LANES:  V 
EXCLUSIVE   RIGHT  TURN  LANES:  N 


VOLUMES 

APPROACH  A:    Nahanton  St  Bi  Nahanton 


LT        TH  RT        LT  TH 

VOLUME                        67     657  0     348  454 

PERCENT  GRADE     0.00  0.00 

PERCENT   CYCLES              0.00  0.00 

PASSENGER  CARS            99.00  7.100.00 

PERCENT    LT  TRU              0.00  0.00 

PERCENT  HV   TRU               1.00  0.00 

PASS   CAR/HR              68  348 

STEP   1   RIGHT  TURNS  FROM  C: Wells  Ave. 

CONFLICTING  FLUWS  657 

CRITICAL  GAPS  5.0 

CAPACITY  622 

DEMAND  161 

CAPACITY  USED  26 

IMPEDANCE  FACTOR  0.81 

SHARED  LANE  Y 


St   C:    Wells  Ave.      D:    Communitv  C 
RT       LT       TH       RT       LT       TH  RT 
93       82        12     159       45  1  19 

0 . 00  0 . 00 

0.00  0.00  I 

99.00  BS.00  * 

0 .  00  6 . 00 

1 . 00  6 . 00 

83        12      161        49  1  21 

I 

D: Communitv  Camo 
501 
5 .  0 
727 
21 

I 

4  » 

0.99 
Y 


STEP  2  LEFT  TURNS 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESEKVE 
DELAY 
LOS 


FROM 


t<:  Nahanton 


Averaos 


St.  A: Nahanton  St. 

657  547 

5 .  (.")  5 .  0 

622  694 

343  6B 

56  10 

0 . 5 1  0 . 94 

274  627 

tra-f-f  ic  delaLittie  or  no  del  av 

C  A 


D-102 


STEP  3  THRU  MOVES  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FUR  IMP 
DEMAND 

CAPACITY  USED 
I  Mh'bDANUL  FACTOR 
SHARED  LANE  LEFT 
SHARED  LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY  OF  SHARED  LN 
AVAILABLE  RESERVE 
DELAY 
LOS 


C: Wei  1 s 


Ave. 

1619 
6.  0 
143 
69 
12 
1  / 
0.  bb 
N 
Y 

173 

399 

•">'*?  JL. 


D: Community  Camo 
1573 
6.  0 
152 
73 
1 
1 

0.  99 
N 
Y 

22 
503 
4S1 


Average  tra-f-fic  delaLittle  or  no  delav 

C  A 


STEP  4  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPAC I TY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 

SHARED  LN  DEMAND 
CAPACITY  OF  SHARED  LN 
AVAILABLE  RESERVE 
DELAY 
LOS 


C:Wells  Ave. 


Fa:i  1  ure 


1639 
6.5 
1 10 

N 

Y 

83 
0 
0 

-31 
E* 


Identify  Lane  Geometry 

Apptotcft  3 


-To' 


f 


Appfo*e«T 


Identify  Volumes,  in  vph 


T 


.21 


LT._^fi_ 


LT  • 
TM  • 


XpproSc 


It 


pi  {J  £ 


D: Community  Camp 
1744 
6.5 

96 


Fail ure 


Assign  Lane  Volumes, 
in  vph 

Appnwcft  3 


Ape»o*c/>T 


N 
Y 


49 
0 
0 
■16 

E* 


D-103 


CIRCULAR  212  WORKSHEET:    UNS I GNAL I ZED  -  4  APPROACHES 

MID  9/84  ASSUME  XLEFT  ON  WELLS  AVE  AND  COMMUNITY  CAMPUS  RIGHT  DECEL  ON  NAHANTO 
N  ST  EB 


GENERAL  CHARACTERISTICS 

CONTRULS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  *»  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:   Wells  Ave. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH:    D:    Nahanton  St. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT   TURN  LANES:  N 


VULUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
C'ASS  CAR/HR 


A:    Nahantcn  St  h:    Nahanton  St  C:    Wells  Ave.      D:    Nahanton  St 


LT  TH 
22  256 
0 .  00 

O.  00 
99 .  00 

0.  00 

1 .  00 


RT 
0 


LT 
181 

0 .  00 


TH 
307 

0 .  00 
99.  00 

0.  00 

1 .  00 


RT 
134 


TH 
10 


183 


LT 
227 
0 .  00 

0.  00 
98.  00 

1 .  00 
1  .  00 

230  10 


RT 
56 


0 


TH 
4 


LT 

39 

,  00 

0 .  00 
98 .  00 

1.00 

1 .  00 
40  4 


RT 
71 


STEP    1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDMNCE  FACTOR 
SHARED  LANE 


C: Wells 


Ave. 
256 
5 .  0 
929 
57 
6 


D : Nahanton  St . 
374 
5.0 

826 
72 
9 

0 .  95 
Y 


S1EP  2  LEFT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CrtPACll V 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
UELAV 


8: Nahanton  St. 

5 .  0 

929 
183 
20 


A: Nahanton  St. 
441 
5.0 

772 


0.86  0.99 
746  750 

Little  or  no  delav  Little  or  no  delav 
A  A 


D-104 


ro 


THRU  MOVES  FROM 


CrWells,  Ave. 


CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJOST  FOR  IMP 
DEMAND 

CAPACITY  OSED 

i  riPt£DANCE  FACTOR 

b'HARED  LANE  LEFT 

SHARED  LANE  RIGHT 

SHARED  LN  DEMAND 

CAPACITY  OF  SHARED  LN 

AVAILABLE  RESERVE 

DELAY 

LOS 


Little 


900 
6.0 

340 
209 
10 
4 

0 .  98 
N 

Y 

67 
69b 
62B 
or  no 
A 


STEP  4  LEFT  TORNS  FRON 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJOST  FOR  IMP 

LANE  THRO 
LANE  RIGHT 


C: Wei  Is  Ave, 


SHARED 
SHARED 
DEMAND 

SHARED  LN  DEMAND 
CAPACITY  OF  SHARED 
AVAILABLE  RESERVE 
DELAY 
LUS 


LN 


975 
6.5 

260 
208 
N 
Y 

230 
0 
0 

 r)1 


Fai 1 ure 


E* 


D : Nahanton  St. 
033 
6 .  0 
368 
313 
4 
1 

O.  99 
N 

Y 

76 
759 
6S3 

delay     Little  or  no  delay 

A 


D:Nahanton  St. 
099 
6.  5 

2G7 

N 
Y 

40 
O 
0 

192 

Long  traffic  delav 
D 


Identify  Lane  Geometry 


Apcxoacn  4 


Identify  Volumes,  in  vph 


Approjeh  3 


IT  .. 
TM  ■ 
RT  • 


32± 


RT 


LT-_LiL 


no 


Approac 


Assign  Lane  Volumes, 
in  vph 
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CIRCULAR  212  WORKSHEET :    UNSIGNALIZED  -  4  APPROACHES 


PM  9/84     ASSUME   XLEFT   ON  WELLS  AVE  AND  COMMUNITY  CAMPUS     RI6HT/DECEL  ON  NAH> 
ST  ED 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  *  OF  LANES:    2  LANES 


MINOR  STREET  LANES 
APPROACH:    C:    Wells  Ave. 
EXCLUSIVE   LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


APPROACH:    D:    Community  Camo 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE   RIGHT  TURN  LANES:  N 


VOLUMES 
APPROACH 


A:    Nahanton  St  B:    Nahanton  St   C:    Wells  Ave.      D:    Community  C 
LT       TH       RT       LT       TH       RT       LT       TH       RT       LT       TH  RT 


631 


VOLUME  2: 

PERCENT  GRADE  0.00 

PERCENT  CYCLES  0.00 

PASSENGER  CARS  7.100.00 


0       47     529       62  537         2     279       96  1  37 

0.00  0.00  0.00 

0.00  0.00  0.00 
7m  1 00 .  00  99 .  00  V.  1 00 .  UCF 


PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


0.  00 
0 .  00 


0.  00 
0 . 00 


47 


O.  00 
1 . 00 


542 


!82 


0.  00 
0 . 00 
96  1 


37 


STEP    1    RIGHT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
SHARED  LANE 


C: Wei Is  Ave. 

631 
5 . 0 
638 
282 
44 
O.  64 
Y 


D: Communi tv  Camp 
560 
5.0 
685 
37 
5 

0.  97 
Y 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 

capacii  v 

DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


A: Nahanton  St. 
591 
5.  0 
665 


B: Nahanton  St. 

631 
5.0 

638 

47  23 
7  3 
0.96  0.98 
591  642 
Little  or  no  delav     Little  or  no  delay 
A  A 
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♦ 


TEP 


THRU  MOVES  FROM 


Ct Wells  Ave, 


CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FDR  IMP 
DEMAND 

CAPfrC  IT  i  USED 
IMPEDANCE  FACTOR 
SHARED  LANE  LEFT 
SHARED  LANE  RIGH1 
SHARED  LN  DEMAND 
CAPACITY  OF  SHARED 
AVA I L ABLE  RESERVE 
DELAY 
LOS 


LN 


1292 
6 .  0 

212 

200 

i 

1 .  00 
N 
Y 

284 
629 
345 


D:  Communi  ty  CaitlD 
1261 
6.0 

220 
207 
1 

0 

1 .  00 
N 
Y 

3B 
646 
6013 


Short  traffic  delay  Little  or  no  delay 


STEP   4   LEFT  TURNS  FROM 


0: Wei Is  Ave. 


D : Commun  i  t y  Camp 


CONFLICTING  FLOWS 

1330 

1542 

CRITICAL  GAPS 

6.5 

6.5 

CAPACITY 

164 

124 

ADJUST  FOR  IMP 

150 

74 

SHARED  LANE  THRU 

N 

N 

SHARED  LANE  RIGHT 

Y 

Y 

DEMAND 

542 

96 

SHARED  LN  DEMAND 

0 

0 

CAPACITY  OF  SHARED  LN 

o 

(."> 

AVAILABLE  RESERVE 

-393 

DELAY 

Fiid  1  ure                          Fai  1  Lire 

LOS 

E* 

E* 

Identify  Lane  Geometry 


Apprwcn  4 


Identify  Volumes, 

in 

vph 

J 

cr 

RT  • 
TM  ■ 

(si 

I 

»- 

5 

»- 

LT- 

a 

4 

ex 

c 

c 
\J 

m 

o 

d 
a 
< 

o 
a 
a 
< 

\ 

r  - 

LT  • 

-a 

TM  ■ 

(SL 

\\ 

RT  • 

—  r- 

|!f 
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CIRCULAR   212   lMUKKbHkfc.1  :    SlbNMLlZED    lN"f  fcRStUl  I  UN   -   OPERA  f  1  UNS   *<  DtbibN 

h.M.  Install  Signals  ?<  X  Left  on  Nahanton  WD  X  Right  on  Nahanton  km  (E-f-fects 
Mahanton  right  turns  into  Wells  Ave.    reduced  by  30"/.). 


STEP  ONE  OUTPUT 


NAME 

#THRU  LANES 
AVG  WIDTH 
*LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


Nahanton  St. 

1 

10 
0 
0 
1 

10 


2  3 
Nahanton  St.mmunitv  Campus 
1  2 


10 
1 
10 

o 

0 


9 

o 

0 
0 
0 


Wei  Is 


4 

Ave. 
2 
8 
0 
0 
0 
0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
RED  VOL 
TROCK  7. 
BUS  STOP 


1 

67 
657 
515 
0 
1 .  0 
0 


348 
454 

93 
0 


3 

45 
1 

19 

0 

12.3 

O 


82 
12 
159 
0 

0.  8 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 

DP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


60 
60 
120 
.  85 
547 
473 
593 
67 

t 


60 
60 
120 
.  85 
1 172 
0 

120 
348 
4 


60 
60 
120 
.  14 
171 
0 

120 
45 

t 


60 

60 
120 
.  14 

20 
148 
268 

82 

t 


STEP  SIX  OUTPUT 


PHF 

LI'  VOL 
THRU  VOL 
RT  VOL 


1 

0 .  80 
85 
829 
650 


0 .  72 
483 
631 
129 


0.  86 
59 
1 


4 

0.80 
103 
15 

200 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

547 
2.  00 
1 . 20 
1.00 


1 172 
6.00 
1 .  05 
1 .00 


3 
171 
1.00 
1 . 20 
1 .  00 


4 

20 
1.00 
1 . 20 
1.00 


Bl 
A2 

A1B2 
A2B1 
A3&4 
A^B3 


UNPROTECT  LT 
2900 
760 
998 
1921 
85 
319 


PROTECT  LT 
507 
760 
931 
703 
97 
339 


STEP  EIGHT  AND  NINE  A  OUTPUT 


A2 

A1B2 
A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
2900 
760 
998 
1921 
49 
184 


PROTECT  LT 
507 
760 
931 
703 
56 
196 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES  1   ?<  2 


2900 

1-one  phase 

onl  y 

1506 

2-two  phase, one  left  protected.no  overlap 

1506 

3-two  phases, one  left  protected , over 1 ap 

I 

) 

1690 

8-two  phases 

, di  recti  onal 

spl  i  t 

POSSIBLE  PHAS 

ES  APPROACHES 

3  S<  4 

184 

1-one  phase 

onl  \' 

252 

8-two  phases 

, di  r ect  i  onal 

spl  it 

• 

) 

Phasing  1?<2 

Phasing  3&4 

v/c 

SUM  CV 

Capaci  tv 

LOS 

*-> 

1 

0.98 

1690 

1720 

E 

3 

1 

0.  98 

1690 

1720 

E 

8 

1.07 

1758 

1650 

F 

• 

8 

1 .  07 

1758 

1650 

F 

1 

8 

1 

1.09 

1874 

1720 

F 

8 

8 

1  .  18 

1942 

1 650 

F 

1* 

1 

1 .71 

3084 

1800 

F 

1* 

8 

1  .83 

3152 

1720 

F 

This  phasing  may  be  inappropriate  due  to  left  turn  restrictions 

see  STEP  FOUR  OUTPUT  above 


Identify  Lane  Geometry 


Approach  3 


70'  20' 


10 


10' 


it 


id 


a'  no  II  to 

Approacn  4 


Identify  Volumes,  in  vph 

Approach  3 


T 


RT  ■  ^3 

tm  ■  4-54- 

LT. 


LT  ■ 

TM  i 
RT  i 


32^ 


Approac 


Assign  Lane  Volumes, 
in  vph 

Aporoach  3 

"T 
i 


n3c 
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CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  &  DESIGN 


MID  Install  signal  &  Xleft  an  Nahanton  WB  Xright  on  Nahanton  EB 
ht  turn  from  Nahanton  to  Wells  Ave.    reduced  bv  30*/.). 


(E-f-fects  o-f 


STEP  ONE  OUTPUT 


NAME 

♦THRU  LANES 
AVG  WIDTH 
frLT  LANES 
AVG  WIDTH 
*RT  LANES 
AVG  WIDTH 


Nahanton  St. 

1 

10 
0 
0 

1 

10 


Nahanton 


St . mmuna ty 
1 
10 
1 

10 

0 

0 


Campus 

9 
0 
0 
0 
0 


Wells  Ave. 

2 
8 

0 
0 
0 
0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  "A 
BUS  STOP 


256 
195 
0 
1.2 

0 


134 
307 
181 

0 
1.3 

0 


39 
4 

71 
0 

1 .  6 

0 


4 

227 
10 
56 
0 

1.7 

O 


STEP  POUR  OUTPUT 


CYCLE  < sees ) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 
OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


60 
60 
12U 
.  76 
488 
424 
544 


60 
60 
120 
.  76 
451 
461 
581 
134 
t 


60 
60 
120 

"y 

.  £J 

66 
210 

330 
39 

t 


60 
60 
120 
.23 
75 
20 1 
321 
227 
t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0 .  80 

28 
324 
247 


0.  79 
172 

394 


0.  66 
60 
6 

109 


4 

0.84 
275 
12 
68 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCt  LTU 
PCE  LTP 
PCE  RT 


1 

488 
2.  00 
1 . 20 
1 .  00 


451 
2.  00 
1  .  05 
1 .  00 


66 

00 
20 
00 


4 
75 
1 .  00 
1 . 20 
1 .  00 


Bl 
A  2 

ft  1 B2 
A3B4 
A4B3 


UNPROTECT  LT 
344 
626 
379 
175 


PROTECT  LT 
180 
626 
357 
187 
410 


STEP  EIGHT  AND  NINE  A  OUTPUT 


UNH  r>  0  i  tul    L  i  r'KU 

"1  EC 

7   LT  •  • 

Bl 

344 

1  BO 

A  2 

626 

626 

A 1 B2 

379 

357 

A3B4 

101 

108 

A4B3 

205 

237 

STEP  TEN 

OUTPUT 

POSSIBLE 

PHASES  APPROACHES   1   &  2 

626 

1-one  phase  only 

806 

2-two  phase,  one  left 

protected.no  overlap 

626 

3— two  phases, one  left 

protect ed , over  1 ao 

983 

8-two  phases, di recti onal 

spl  i  t 

POSSIBLE 

PHASES  APPROACHES  3  &  4 

205 

1-one  phase  onlv 

345 

8-two  phases . di rect i onal 

sp  1  i  t 

Phasi  no 

1&2      Phasing  3&4  v/c 

SUM  CV 

Capacity 

1 

1  0.46 

831 

1800 

-»» 

o 

1  0.48 

83 1 

1720 

1 

8              0 .  56 

971 

1720 

2 

1  0.59 

ton 

1720 

3 

8  0.59 

971 

1650 

8 

1               0 .  69 

1 188 

1 720 

r? 

8  0.70 

1  151 

1  650 

8 

8  0.80 

1328 

1650 

Identify  Lane  Geometry 


Aoe>o»c»»  3 


10' 


it 


to 


h'Wil  20' 


— 


Identify  Volumes,  in  vph 


AOD'OiCh  3 
"1 


LT 
TH 
RT  •. 


«T  ■. 
TH  •. 
LT 


\7A 


AppreScn  4 


r  o 


Assign  Lane  Volumes, 
in  vph 

Aoproscti  3 
T2.        ^J.  131 


Iff 

II  I 

I 


Xpproicn  4 
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CIRCULAR  212  WORKSHEET:    SIGNALIZED    INTERSECTION  -  OPERATIONS  &  DESIGN 


PM  Install  signal  &  X  le+t  on  Nahnton  W8  X  right  on  Nahanton  EB 
ht  turns  from  Nahanton  to  Wells  Ave.    reduced  by  30"/.). 


(E-f-fects  o-f 


STEP  ONE  OUTPUT 


NAME 

# THRU  LANES 
AVG  WIDTH 
frLT  LANES 
AVG  WIDTH 
H'-RT  LANES 
AVG  WIDTH 


Nahanton  St. 

1 

10 
0 
0 

1 

10 


Nahanton  St.mmunity  Campus 
1  2 


10 
1 

10 

0 

0 


9 
0 

o 

0 
0 


Wei  Is 


4 

Ave. 

2 

a 

o 

0 

o 

0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
F'ED  VOL 
TRUCK  7. 
BUS  STOP 


1 

23 
631 
45 
0 

0.4 

0 


2 
47 
529 
62 

0 

0.5 

0 


96 
1 

37 
0 

0 .  0 

0 


4 

537 
<-> 

279 

O 

o.  a 

0 


STEP  FOOR  UUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 

G/C 

DP  VOL 

LT  CAP   ON  GR 
LT  TOT  CAP 
LT  VOL 
F'ASS  CHK 


6U 
60 
120 
.61 
591 
141 
261 


60 

60 
120 
.61 
676 

56 
176 

47 

t 


60 
60 
120 
.  38 
281 
175 
295 
96 

t 


60 
60 
120 
.38 
38 
418 
538 
537 
t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
F'l  VOL 


1 

O .  B6 
27 
737 


2 

0.  8B 
54 

604 
71 


0.  74 
130 
1 

50 


4 

0.  BO 
677 

3 

352 


STEP  SEVEN  UUTPUT 

UP  VOL 
F'CE  LTO 
PCE  LTP 
PCE  RT 


1 

591 
2 .  00 
1  .  20 
1  .  00 


6/6 
4 .  00 
1 .  OS 
1  .  00 


2B1 
1  .  00 
1  .  20 
1  .  00 


4 
38 
1 .  00 
1 .  20 
1  .  00 


A  2 

A 1 B2 
A  38  4 

A4fc?3 


UNPRU1ECT  LT 
215 
675 
79U 
181 
1031 


PROTECT  LT 
56 
675 
769 
207 
1  166 


STEP  EIGHT  AND  NINE  A  OUTPUT 

UNPKOTEC1 


61 

A  2 

A 1 B2 
A3B4 
A4B3 


LT 

215 
675 
790 
105 
595 


PROTECT  LT 
56 
675 
769 
120 
673 


STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES   1    ?<  2 


790 
047 
847 
1444 


1-  one  phase  only 

2-  two  phase, one  left  protected, no  overlap 

3-  two  phases, one  left  protec ted , over  1 ap 
B-two  phases, di recti onal  split 


POSSIBLE  PHASES  APPROACHES  3  4 


793 


1-one  phase  only 

b-two  phases, directional 


split 


Phasing  1&2 

Phasing  3S<4 

v/c 

SUM  CV 

Capaci  tv 

LOS 

1 

1 

0.  77 

1386 

1800 

C 

2 

1 

0.  84 

1442 

1720 

D 

3 

1 

0.  84 

1442 

1720 

D 

1 

S 

0 .  92 

1583 

1720 

E 

3 

8 

0.  99 

1640 

1650 

E 

2 

8 

0.  99 

1640 

1650 

E 

8 

1 

1.  19 

2039 

1720 

F 

8 

8 

1 .  36 

2237 

1650 

F 

Identify  Lane  Geometry 


Identify  Volumes,  in  vph 


7-a 


TH._i£i_ 


■  t.  An 


A  OP*  O  ACT.  i 


Assign  Lane  Volumes, 
in  vph 

Aooro*cft  3 


AH 


^4-  \53"L_i  i  -1-^ 


Approach  * 


D-113 


SUMMARY  OF  VEHICLE  MOVEMENTS 

Intersgrtion    Kendrick  Street  g  Fourth  Avenue  


Date2/2o/£4_  Day  ftf  uj**u  ^ursday  Weather 


Fair  60  F 


2 

CO  Q- 
X 

o 

<  o 

O  2 
C 
0L 
Q. 

< 


T 

< 

rsj 

o 

• 

2 

o 

< 

00 

c 

« 

JC 

c 

uc 

a 

w 

U 

AM 
MID 
PM 


1411 


424 


524 


CD 
3 
C 

> 
< 

•p 

o 


CO 


421 

507 

1301 

213 

73 

27 

1198 

351 

497 

2 

O 

2 

< 

I 

a. 

in 

(N 

o 

CT> 

O 

rH 

^9* 

IT) 

cn 

O 

CN 

m 

>X> 

r» 

CN 

iH 

<£> 

CXi 

H 

00 

in 
in 

CN 


n 
oo 

CN 


00 
CN 

in 


Community  "eeiih™ 

N 


APPROACH  2 
AM        MID   PM 


1.53 


NA 


1 .86 


NA 


NA 


0  •  85  %  Trucks 

Ped • • t  r  I  a nt 


Kendrick  Street 
(Street  Name) 


AM 

MID 

PM 

720 

315 

.210 

228 

-«- 

405 

434 

834 

1062 

AM 
MID 
PM 


1287 

477 

702 

Kendrick  Street 


(Street  Name) 
,M  MID  PM 


1.20 

4.01 

0.76 

NA 

NA 

NA 

%  Trucks 
Pedestrians 


APPROACH  1 


AM 
MID 
PM 


Peak  Hours 

7:45  -  8:45 
12:00  -  1:00 
4:30  -  5:30 
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CIRCULAR  212  WORKSHEET:  UNSIGNALI ZED  -  3  APPROACHES 
•A.M.   w/  right  decel   &  Xle-ft/right 


GENERAL  CHARACTERISTICS 
CONTROLS:  YIELD 
PREVAILING  SPEED:    30  MPH 
•MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:   C:   Fourth  Ave. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


VOLUMES 


APPROACH 

•VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
•PASS  CAR/HR 


A:   Kendrick  St  hi   Kendrick  St  C:   Fourth  Ave. 


LT  TH 

0  405 
0 . 00 

0.  00 
98 .  00 
1.00 
1 . 00 

O 


RT 

O 


LT  TH 
213  1198 
0.  00 

0.00 
99.00 
0.00 
1 . 00 

215 


RT 

0 


TH 

0 


O 


LT 
89 

00 

0.00 
9 1 . 00 
4.00 
5.  00 
95  O 


RT 
16 


17 


STEP   1  RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
•CAPACITY 
DEMAND 
SHARED  LANE 
AVAILABLE  RESERVE 
DELAY 
LOS 


step  2  left  turns  from 
conflicting  flows 
critical  gaps 
capacity 
•demand 
capacity  used 
impedance  factor 
available  reserve 

DELAY 
LOS 


step  3  left  turns  from 
conflicting  flows 
critical  gaps 
capacity 
Adjust  for  imp 
shared  lane  thru 
shared  lane  right 

DEMAND 

AVAILABLE  RESERVE 
DELAY 
>LOS 


C: Fourth  Ave. 

405 
5.0 

800 
17 

N 

783 

Little  or  no  delay 
A 


B: Kendrick  St. 

405 
5.0 
800 
215 
27 
O.  80 
585 

Little  or  no  delay 
A 


C: Fourth  Ave. 

1816 
6.5 

87 
70 

N 
N 

95- 
-26 

Fai  1  Lire 

E* 


Identify  Lane  Geometry 

Appro«cn  3 


•23?  1  20* 


ZD' 


20* 


20 


20 


Identify  Volumes,  in  vph 

AppfoacftS 


T 


or.  as 


LT._2J2. 

TM.Lia&_ 


■ 


CIRCULAR  212  WORKSHEET:  UNSIGNALIZED  -  3  APPROACHES 
MID  w/right  decel  S<  Xleft/  right  lanes 


(5ENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:   C:   Fourth  Ave. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RI6HT  TURN  LANES:  Y 


VOLUMES 

APPROACH            A:   Kendrick  St  B:   Kendrick  St  C:   Fourth  Av 

LT       TH  RT       LT       TH  RT       LT  TH 

VOLUME                          0     434  0       73     351  0     126  O 

PERCENT  GRADE     0.00  0.00  0.00 

PERCENT  CYCLES             0.00  0.00  0.00 

PASSENGER  CARS           98.00  96.00  96.00 

PERCENT  LT  TRU             1.00  2.00  2.00 

PERCENT  HV  TRU             1.00  2.00  2.00 

PASS  CAR/HR                0  75  130  O 


STEP   1  RIGHT  TURNS  FROM  C: Fourth  Ave. 

CONFLICTING  FLOWS  434 

CRITICAL  GAPS  5.0 

CAPACITY  777 

DEMAND  75 

SHARED  LANE  N 

AVAILABLE  RESERVE  702 

DELAY  Little  or  no  delay 

LOS  A 


STEP  2  LEFT  TURNS  FROM  B: Kendrick  St. 

CONFLICTING  FLOWS  434 

CRITICAL  GAPS  5.0 

CAPACITY  777 

DEMAND  75 

CAPACITY  USED  10 

IMPEDANCE  FACTOR  0.94 

AVAILABLE  RESERVE  702 

DELAY  Little  or  no  delay 

LOS  A 


STEP  3  LEFT  TURNS  FROM  C: Fourth  Ave. 

CONFLICTING  FLOWS  858 

CRITICAL  GAPS  6.5 

CAPACITY  303 

ADJUST  FOR   IMP  285 

SHARED  LANE  THRU  N 

SHARED  LANE  RIGHT  N 

DEMAND  1 30 

AVAILABLE  RESERVE  155 

DELAY  Long  tra-f-fic  delav 

LOS  D 


l_  l|-(L-UI_Hh;    ^1^    WUKKtoMtLt  I  :     UNblbNHLIZhU  - 


o  APPKUAUHt!:) 


P.M.   Right  decel   w/  Xle-ft  %<.  right  lanes 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

I 

MINOR  STREET  LANES 
APPROACH:   C:   Fourth  Ave. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


• 

VOLUMES 


APPROACH 

VOLUME 
•PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:   Kendrick  St  B:   Kendrick  St  C:   Fourth  Ave. 


LT 

0 

00 


TH 
834 

0.00 
99.00 
0.00 
1 . 00 


RT 
0 


LT  TH 
27  497 
0.  00 

0.00 
98 . 00 
1.00 
1 . 00 

27 


RT 
0 


TH 

0 


LT 
205 
0.  00 

0.  00 
98.00 

1.00 

1 .  00 

208  0 


RT 
197 


200 


step  1  right  turns  from 
conflicting  flows 
critical  gaps 
capacity 
•demand 
shared  lane 
available  reserve 

DELAY 
LOS 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

Capacity  used 
impedance  factor 
available  reserve 

DELAY 
LOS 


step  3  left  turns  from 
conflicting  flows 
critical  gaps 
capacity 
adjust  for  imp 
Shared  lane  thru 
shared  lane  right 

DEMAND 

AVAILABLE  RESERVE 

DELAY 

^.OS 


C: Fourth  Ave. 

834 
5 .  0 
521 

200 
N 

321 

Short  traffic  delay 
B 


B:Kendrick  St. 

834 
5.0 
521 
27 
5 

0.  97 
494 

Little  or  no  delay 
A 


C:Fourth  Ave. 

1358 
6.5 
158 
154 
N 
N 

208 
-55 


Identify  Lane  Geometry 

Approtch  3 


•ZD'  I  20' 


20 


20 


20' 


20 


J 


Identify  Volumes,  in  vph 


Approach  3 
"1 


n 


LT  •  . 

tm.  A5T. 


Fai 1 ure 


Assign  Lane  Volumes, 
in  vph 


ApOfCKCfl  3 


834 


"4V7- 


E* 


1 


CIRCULAR  212  WORKSHEET:    ONS I GNAL I  ZED  -  3  APPROACHES 

AM  ONE-WAY  INBOUND  SIGNAL  AT  THIRD  AVE  FOR  OUTBOUND  MOVEMENTS  •  Ifl 
CENERAL  CHARACTERISTICS 

CONTROLS:    YIELD  [ 

PREVAILING  SPEED:    30  MPH  PI 

MAIN  STREET  #  OF  LANES:    2  LANES  9  ) « 

MINOR  STREET  LANES  H 

APPROACH:    C:   Fourth  Ave.  A 

EXCLUSIVE  LEFT  TURN  LANES:    N  E 

EXCLUSIVE  RIGHT  TURN  LANES:    N  E 


r  i 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:    Kendrick  St  h:    Kendrick  St   C:    Fourth  Ave. 


0 


LT 

0 
00 


TH 

340 

0.  00 
99.  00 

0.  00 

1 .  00 


RT 
0 


LT 
519 
0 .  00 


STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
SHARED  LANE 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY  OF   SHARED  LN 
AVAILABLE  RESERVE 
DELAY 
LOS 


TH  RT 
1193  0 

0 .  00 
99.  00 

0.  00 

1 .  00 


C: Fourth  Ave. 

340 
5.0 
854 

Y 


B: Kendrick  St. 

340 


LT 

O 

0 .  00 


TH 

0 


RT 

0 


VA  00.  00 
0 .  00 
0.  00 
0 .  00 

0         0  0 


Short 


5.0 

854 
524 
61 
0.  46 

330 

traffic  delav 
B 


Identify  Lane  Geometry 


AapfOfcti  3 


70*  20' 

fit 


10' 


I 


Identify  Volumes,  in  vphl 


LT 


C: Fourth  Ave. 

2052 
6.5 
64 
29 

Y 


Y 


(.') 


701412E+38 
701412E+38 


Little 


V.  1 
*/.  1 

or  no  del av 

A 


Assign  Lane  Volumes, 
in  vph 

Aopco«ef>  1 


!  t 


Wo 
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CIRCULAR  212  WORKSHEET:    UNS1GNALIZED  -  3  APPROACHES 

MID  ONE-WAY   INBOUND     SIGNAL  AT  THIRD  AVE  FOR  OUTBOUND  MOVEMENTS 


GENERAL  CHARACTERISTICS 
CONTROLS:  YIELD 
PREVAIL  INS  SPEED:    30  MPH 
®i  MAIN  STREET  «  OF  LANES:    2  LANES 


MINOR  STREET  LANES 
APPROACH:    C:    Fourth  Ave. 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


VOLUMES 


LT 

0 
00 


APPROACH 
VOLUME 

PERCENT  GRADE  0 
PERCENT  CYCLES  0 
PASSENGER  CARS  90 
PERCENT  LT  TRU  1 
PERCENT  HV  TRU  1 
PASS  CAR'/HR  0 


A:   Kendrick  St  h:    Kendrick  St  C:   Fourth  Ave. 


TH 

534 

00 
,  00 

00 
,  00 


STEP    1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
SHARED  LANE 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 


I MPEDANCE 
AVAILABLE 
DELAY 
LOS 


FACTOR 
RESERVE 


RT       LT       TH       RT  LT 
O      139     477         0  0 
0 . 00  0 . 00 

0.  00 
96 .  00 
2 .  00 
2 .  00 

143  0 


C: Fourth  Ave. 

334 
5.0 
859 
Y 


hi Kendrick  St. 

334 
5.  0 
859 
143 
17 
0.  89 
716 

Little  or  no  delav 

A 


TH 

0 


RT 
0 


0.  00 

Identify  Lane  Geometry 

0.  00 

Approte*  3 

0.  00 

■20' 

20' 

0 .  00 

f 

f 

0  0 

<> 

c 

m 

lb- 

C 

O 

p 
a 

i°_  _'  1 

_  Kr 

CL 

a 

a 

< 

< 

Identify  Volumes,  in  vph 


1 


Approach  3 


TH.  11A 


LT  i 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMF- 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY  OF   SHARED  LN 
AVAILABLE  RESERVE 
DELAY 
LOS 


C: Fourth 


Ave. 

950 
6.5 

268 
238 

Y 


Little 


V. 
•/. 

or 
A 


u 

1 .701412E+38 
1  . 701412E+38 
no  delav 


Assign  Lane  Volumes, 
in  vph 

Apprpacfl  3 


t  t 


324 
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CIRCULAR  212  WORKSHEET:    UNS I GNAL  1  ZED  -  3  APPROACHES 


FT1  ONE-WAY    INBOUND     SIGNAL  AT   THIRD  AVE  FOR  OUTBOUND  MOVEMENTS 


SENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:    C:    Fourth  Ave. 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:    Kendrick  St  B:    Kendrick  St  C:    Fourth  Ave. 


0 


LT 

0 
00 


TH 

703 

0.  00 
98.  00 

1  .  00 

1 .  00 


STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
SHARED  LANE 


STEP  2  LEFT   TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY  OF   SHARED  LN 
AVAILABLE  RESERVE 
DELAY 
LOS 


RT       LT       TH       RT  LT 
0       54     700         O  O 
0 . 00  0 .  00 

0 .  00 
99 .  00 

0 .  00 

1 .  00 


C: Fourth  Ave. 

703 
5 .  0 
594 

Y 


B: Kendrick  St. 

703 
5.  0 

594 
55 
9 

0.  95 

540 

Little  or  no  delay 
A 


TH 

O 

0 .  00 
0.  00 
0.  00 

0 . 00 

0 


RT 
O 


C: Fourth 


Ave. 
1457 
6.5 

139 
131 
Y 
Y 


Identify  Lane  Geometry 


•20' 


20' 


t  t 


to' 


Little 


7. 

or 
A 


0 

1 . 701412E+38 
1 . 701412E+38 
no  delay 


Assign  Lane  Volumes, 
in  vph 

Approve*  J 


t  t 


0  ... 


D-120 


SUMMARY  OF  VEHICLE  MOVEMENTS 

InterSGCtion      Kendrick  Street  @  Third  Avenue 

Date  9/20/84  Day  of  Week  gjjgfgS    Weather  Fair  60°F  Community  Neeaham 


CO 


I 

o 

<  o 
o  5 
cc 

CL 
CL 

<  5 


3.25 

< 

ro 

• 

< 

o 

0.87 

< 

2 

•  0 

■*  c 

s  « 


AM 

MID 
PM 


L701 


409 
421 


AM 


MID 


C 

> 
< 


338 

513 

1399 

317 

52 

26 

1384 

357 

395 

2 

a 

2 

< 

s 

a. 

in 

CTi 

fo 

rH 

fM 

rH 

rH 

in 

o 

rH 

rH 

m 

00 

00 

rH 

o 


o 

LO 


m 
o 


APPROACH  2 

AM  MID  PM 


0.99 

0.76 

0.88 

NA 

NA 

NA 

%  Trucks 
Pedestrians 


Kendrick  Street 
(Street  Name) 


MID 


PM 


88 

98 

34 

317 

428 

993 

4  05 


526 


1027 


AM 
MID 
PM 


1478 

441 

512 

(Street  Name) 
m         MID         P  W 


0  .  82 

5.13 

0.00 

NA 

NA 

NA 

%  Trucks 
Pedestrians 


Peak  Hours 

AM:  7:30-8:30 
MID:  11:45-12:45 
PM:  4:15-5:15 


APPROACH  1 


% 
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1 


CIRCULAR  212  WORKSHEET:    UNS IGNAL I ZED  -  3  APPROACHES 

f 

A.M.    right  decel   w/Xle-ft  8<  right  lanes 

GENERAL  CHARACTERISTICS 
CONTROLS:  YIELD 

PREVAILING  SPEED:  30  MPH  r 
MAIN  STREET  *  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:   C:   Third  Ave. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:   Kendrick  St  B:   Kendrick  St  C:   Third  Ave. 


0 


LT  TH 

0  317 

00 

0.  00 
99 . 00 

0.  00 

1 .  00 

O 


RT 

O 


LT 
317 
0 .  00 


STEP   1   RIGHT  TURNS  FROM 

CONFLICTING  FLOWS 

CRITICAL  GAPS 

CAPACITY 

DEMAND 

SHARED  LANE 

AVAILABLE  RESERVE 

DELAY 

LOS 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
DEMAND 

AVAILABLE  RESERVE 

DELAY 
LOS 


TH  RT 
1384  0 

0.00 
99 .  00 

0.  00 

1 .  00 


C: Third  Ave. 

317 
5 . 0 
874 
21 

N 

B53 

Little  or  no  delay 
A 


TH 

0 


LT 
94 
0 . 00 

0.00 
99.00 
0.00 
1 . 00 
95  0 


RT 
21 


21 


Identify  Lane  Geometry 


B:Kendrick  St. 

317 
5.0 
874 
320 
37 
0.71 
554 

Little  or  no  delav 
A 


C:Third  Ave. 

2018 
6.5 
67 
47 

N 
N 

95 
-47 

Fai 1 ure 

E* 


Identify  Volumes,  in  vphl 


T 


th.  an 


lt._2LL 
th.12S2_ 


Assign  Lane  Volumes, 
in  vph 


CIRCULAR  212  WORKSHEET:    UNSIGNALI ZED  -  3  APPROACHES 


•  MID  right  decel    w/xle-ft  &  right  lanes 


6ENERAL  CHARACTERISTICS 
CONTROLS:  YIELD 
PREVAIL INb  SPEED:    30  MPH 
•  MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:   C:   Third  Ave. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RlbHT  TORN  LANES:  Y 

VOLUMES 


Q  +■     \4  •     k'onrtri  r-  L-     Ci  +■     P  ■     Thi  rri  flue 

LT  TH 

RT       LT       TH       RT       LT  TH 

V  Ul_Urlt:                                   U  *t^:C3 

PERCENT  GRADE  0.00 

<j .  oo                 o .  oo 

r  t:.KUfc.iN  1     LYLLbb                 U  •  UU 

U  •  UU                                  «J  •  UU 

rHbbtNbtn    LHhb              VV .  l.'U 

T^J  .  UU                                      /•  1  UU  •  UU 

C<  1_"  Lif    11"  K  1 T       1     T       *TOI  1                                /~\  r\l"\ 

rt.KCENI    LT   TRO  U.OU 

.  L'U                             U .  UU 

rEKLENl    Hv    l KO                1 . OO 

o  •  UU                               U .  UU 

r Abb   CAR/Hh  O 

_»4                                  fci4  O 

S 1 EP    1    RIGHT    1 ORNS  hhOM 

C : Thi  rd  Ave . 

LUNHLICTlNb  FLOWS 

428 

CRITICAL  SAPS 

5.0 

LAPAL 1 t y 

~~7  (j 

DEMAND 

85 

bnfthtD  LftNL 

Kl 
IN 

At  )A  Tl    adi    r~     r» i" ■     r _ r*M  j i" 

f-iVA  1  LMBLt   Ktbhh  vt 

6  V  / 

C't-LA  Y 

Little  or  no  delay 

LUb 

M 

b 1 EP   2   LEFT   TORNS  FROM 

biKenorick  St. 

CONFLICTING  FLOWS 

428 

r-L'TT  TTAI  f'/XOO 

w>  .  U 

LHr RU I  1  Y 

-inn 
/ 

DEMAND 

54 

CAPACITY  OSED 

7 

IMPEDANCE  FACTOR 

0.  96 

AVAILABLE  RESERVE 

728 

DELAY 

Little  or  no  delay 

LOS 

A 

STEP  3  LEFT  TURNS  FROM 

C:Third  Ave. 

CONFLICTING  FLOWS 

837 

CRITICAL  GAPS 

6.5 

CAPACITY 

311 

ADJOST  FOR  IMP 

299 

SHARED  LANE  THRO 

N 

SHARED  LANE  RIGHT 

N 

DEMAND 

84 

AVAILABLE  RESERVE 

215 

DELAY 

Average  tra-f-fic  del  a 

LOS 

C 

RT 
85 


85 


Assign  Lane  Volumes, 
in  vph 


■  o 


3T?  — 


CIRCULAR  212  WORKSHEET:    UNS IGNAL I  ZED  - 


3  APPROACHES 


P.M.    right  decel   w/Xleft  ?<right  lanes 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 


f  I 


MINOR  STREET  LANES 
APPROACH:   C:   Third  Ave. 
EXCLUSIVE  LEFT  TURN  LANES:  Y 
EXCLUSIVE  RIGHT  TURN  LANES:  Y 


f  I 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:   Kendrick  St  B:   Kendrick  st  C:   Third  Ave. 


LT  TH 
0  993 
0 .  00 

0.00 
99.  00 
0.  00 
1 . 00 

0 


RT 
0 


LT 

26 
0 . 00 


RT 

0 


LT 

117 
0 .  00 


STEP   1   RIGHT  TURNS  FROM 

CONFLICTING  FLOWS 

CRITICAL  GAPS 

CAPACITY 

DEMAND 

SHARED  LANE 

AVAILABLE  RESERVE 

DELAY 

LOS 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
DEMAND 

AVAILABLE  RESERVE 

DELAY 

LOS 


TH 

395 

0.00 

y.  i  oo .  oo 
o.oo 

0 . 00 

26  120 


C:Third  Ave. 

993 
5.0 
445 
416 
N 

28 

Very  long  delay 
E 


B: Kendrick  st . 

993 
5.0 
445 
26 
6 

0.97 
419 

Little  or  no  delay 
A 


C:Third  Ave. 

1414 
6.5 
147 
142 
N 
N 

120 

22 

Very  lonq  delay 
E 


TH 

0 


RT 
406 


0.  00 
97.  00 

1 .  00 
2.00 

O  416 


Identify  Volumes,  in  vphl 


4  El 


Approtcft  3 


•7b 


LT  i  _ 

th  *  y& 


Assign  Lane  Volumes, 
in  vph 


A: 


CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  fc  DESIGN 

AM  INSTALL  SIGNAL  AT  THIRD  AVE  AND  PERMIT  OUTBOUND  MOVEMENT  ONLY  FOURTH  AVE  ON 
E— WAY  INBOUND 


STEP  ONE  OUTPUT 


NAME 

THRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
frRT  LANES 
AVG  WIDTH 

STEP  TWO  OUTPUT 


KENDRICK 


1 

ST. 
10 

o 

0 
0 
0 


KENDRICK  ST 


THIRD  AVE. 

2  0 

1 0  0 

O  1 

0  15 

0  1 

0  1 5 


LT  VOL 
4  THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  7. 
BUS  STOP 

t  STEP  FOUR  OUTPUT 

CYCLE (sees ) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 
ft  DP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 

ft  STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VUL 
•  RT  VOL 

STEP  SEVEN  OUTPUT 


OP  VOL 
PCE  LTO 
•  PCE  LTP 
PCE  RT 


B4 

A162 
•  A  2  til 


1 

O 

1701 
0 
0 

o.  a 

o 


60 
60 
120 
.83 
301 
695 
815 
0 

t 


1 

0.89 

0 

1927 
O 


1 

30 1 
2.  00 
1 .  20 
1 .  00 

UNPROTECT  LT 
328 
192/ 

358 


0 

301 
0 
O 

1 .  0 

0 


60 
60 
120 
.  83 
1701 
0 

120 
0 

t 


0.  85 

0 

358 
O 


1701 
6 .  00 
1  .  20 
1 .  00 


PROTECT  LT 
344 
1927 


169 

0 
37 
0 

0.  9 

0 


60 
60 
120 
.  16 
O 
192 
312 
169 
t 


0.  52 

328 

o 

72 


0 

1  .  00 
1  .  05 
1 .  00 


Identify  Lane  Geometry 


Aooro»cn  3 


-  |0_ 

To' 


J  LL 


10' 
10' 


Identify  Volumes,  in  vph 


1  


RT  •  U_ 

TH._^L 


LT  •. 


TH-112L 


Assign  Lane  Volumes, 
in  vph 

Appro* eft  3 


J 1 L 


STEP  ElbHT  AND  NINE  A  OUTPUT 


UNPKOTECT  LT         PROTECT  LT 

.  _   ....  '2*95  -    •  -  -  ■    310-  -   

ft3>*  65  65 

A1B2  1011  1011 

A2B1  108  108 

**  The  critical  lane  volume  occurs  in  the  exclusive  right  turn  lanets) 
STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES   1   S<  2 

1011  1-one  phase  only 

1199  B-twa  phases , di recti onai  split 


POSSIBLE  PHASES  APPROACHES  3  it  4 


295 

1-one  phase 

onl  v 

375 

2— two  phase, 

one  le-ft 

protected.no  overlap 

310 

3— two  phases 

.one  le-ft 

protected , overl  «p 

3lO 

8-two  phases 

.directional  split 

Phasing  1&2 

Phasing  3S<4 

v/c 

SUM  CV 

Capaci  ty 

LOS 

1 

1 

0.73 

1307 

1800 

C 

1 

0.  77 

1321 

1 720 

C 

1 

b 

0.77 

1321 

1720 

C 

1 

2 

0.81 

1386 

1 720 

D 

6 

1 

0.  87 

1494 

1720 

D 

8 

•J 

0.91 

1509 

1650 

E 

8 

8 

0.91 

1509 

1650 

E 

8 

2 

0 .  95 

1574 

1650 

E 

e  ; 


e 
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CIRCULAR  212  WORKSHEET:    SIGNALIZEU   INTERSECTION  -  OPERATIONS  S<  DESIGN 
E-S^NfNBOUNDIBNHL  AV  THIRD  *"  PERMIT  0UT«<*M°  MOVEMENT  ONLY     FOURTH  AVE  0 


STEP  ONE  OUTPUT 


NAME 

*THRU  LANES 
AVG  WIDTH 
K-LT  LANES 
AVG  WIDTH 
*RT  LANES 
AVG  WIDTH 

STEP  TWO  OUTPUT 


KENDRICK  ST.     KENDRICK  ST. 


10 

0 
0 
0 
0 


10 

o 

0 

o 

0 


THIRD  AVE . 

0 

o 
1 

15 

1 

15 


LT  VOL 
THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  7. 
BUS  STOP 

STEP  FOUR  OUTPUT 

CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 
OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CNK 

STEP  SIX  OUTPUT 


PHF 
LT  VOL 
THRU  VUL 
RT  VOL 

STEP  SEVEN  OUTPUT 

OP  VOL 
PCS  LTU 
PCE  LTP 
PCE  RT 


1 

0 

439 
0 

0 

5.  1 

0 


60 
60 
120 
.  SO 
31 1 
289 
409 
(.*) 

t 


1 

0 .  US 

o 

S24 
0 


1 

311 
2 .  00 
1 .  20 
1  .  00 


9  B4 

A1B2 
A2B1 


UNPROTECT  LT 


292 
524 


0 

311 

0 
0 

0.8 

0 


60 
60 
120 
.  50 
439 
161 
281 
0 

t 


O.  89 

O 


439 
2.00 
1 .  20 
1 .  00 

PROTECT  LT 
306 
524 


212 
0 

137 
0 

0.  4 

O 


60 
60 
120 
.49 

0 

588 
708 
212 
t 


0.  73 
292 
O 
188 


O 

1  .  00 
1  .  05 
1  .  00 


Identijy  Lane  Geometr 


Approach  3 

20' 


13' 
To 


J  1L 


10' 


jo- 

10' 

To7 
for 


Identify  Volumes,  in  vph 


Approach  3 


TH  • 


LT.  0_ 

th-433- 


Assign  Lane  Volumes.  ~] 
in  vph 


Ao»ro»ef>  3 


T 


J'l 


SB 


m 
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STEP  EIGHT  AND  NINE  A  OUTPUT 


):<4  • 
A3** 
AIB2 
A2B1 

**   l'he  criticai 


UNPK01EC1  LI 

170 
275 
185 

lane  volume  occurs 


PROTECT  LT 

276  - 
170 
275 
185 

in  the  exclusive  riant  turn  lane(s) 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1  2 


275 
460 


1-one  phase  only 

8-two  phases, directional  split 


POSSIBLE  PHASES  APPROACHES  3  S<  4 


262 

1-one  phase 

onl  v 

445 

2-two  phase. 

one  left 

protected, no  overlap 

276 

3-two  phases 

.one  left 

protected , overl ap 

276 

8-two  phases, directional  split 

Phasing  1&2 

Phasing  38<4 

v/c 

SUM  CV 

Capaci  ty 

LOS 

1 

1 

0.  30 

538 

1 800 

A 

1 

0 .  32 

551 

1720 

A 

1 

8 

0 .  32 

551 

1720 

A 

1 

2 

0.  42 

720 

1720 

A 

8 

1 

0.  42 

723 

1720 

A 

0 

0 .  45 

736 

1650 

A 

8 

8 

0.  45 

736 

1650 

A 

8 

•■> 

0.  55 

905 

1650 

A 

r 


* 
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CIRCULAR  212  WORKSHEET :  SIGNALIZED  INTERSECTION  -  OPERATIONS  &  DESIGN  (PAG!-:  1 
DATE : 1 0- 1 8- 1 985                           TIME : 1 1:32: 25 

p;v  rNSTA!  !  SI  SNA'  AT  THIRD  AVE  AND  PERMIT  OUTBOUND  MOVEMENTS  ON1  v  i-OUR'1*'^  »:'-.'*•" 
E— WAY  INBOUND 


pTpp    r)|\JE   Q[  (TP!  J" 


tl  THRU  LANES 
AVG  WIDTH 
frLT  LANES 
AVE  WIDTH 
*RT  LANES 
AVE  WIDTH 


KENDRICK 

1 0 

0 

o 

0 
0 


i  :;ENDR  I CK 


10 

Q 

o 
o 
o 


£  v.. 

1 


STEP  TWO  OUTPUT 
L.T  VOL 
THRU  VOL 
C'T  VOL 

PED  VOL 
TRUCK 

pi  ic*    ST  HP 


"Ec'  FCL 


T      HI  'TDI  !" 


CHANGE  INT 

lt  oap  or: 


I 


ON  GR 

r»  a  o 


PASS:  CHK 


r  >'  ni  iyp  j  jt 


p.  ;.jit 

i  t  ijrii 

TMRI  1  VC! 


RT  VO! 

£TEP  SEVEN  OUT-' 

DP  VOL 
PCE  LTU 
C"~E  L  TP 

p  n  i:-    jt  T 

B4  n-> 


O 


0 .  S7 

4P34 


4 .  00 
1  .  20 
1  .  00 

UNPROTECT  LT 
494 

1  ;V>~r 


60 
6  0 


loo: 


421 
2 .  00 

1 .  00 

:  ROTECT  LT 

484 

1003 
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317 

0 

604 


/-  f"; 

At"; 


O  ~7 


1 .  00 
1  .  05 


Identify  Lane  Geometry 


Appro«cft  3 


205  20" 


J  l 


10' 


JCr 


Si  si 


Identify  Volumes,  in  vph 

Approach  3 


T 


RT  •  ^ 


TH 


Assign  Lane  Volumes, 
in  vph 

Approact  3 


J1 


+=-398 


Z  J.  RC  LJ  L  A  R  2  3. 2  W  C  Fi  I  SHEET :    £3 1 5  N  A  LI  ZED   I h  ■!  T  E  R  SE  C  T 1 0  N  -  D  P  E  R  ATI  0  N £  f-    DESIGN    'c-£  t"  E  2 
'-  . 

r  C.ycr .  j  Q ...  ic:..<  cyfjc  T  T  MF  !  ]  1  :        •  4*? 

PM  INSTALL  SIGNAL  AT  THIRD  AVE  AND  PERMIT  OUTBOUND  MOVEMENTS  ONLY  FOURTH  AVE 
E— WAY  INBOUND 

STEP  EIGHT  AND  NINE  A  OUTPUT 

UNPROTECT  LT         PROTECT  LT 
B4  460  48 4 

ft  3     v   #*  877  877 

A1B2  •—  >  254  254 

ft2Bl    < —  v —  526  526 

The  critical    lane  volume  occurs  in  the  exclusive  right  turn  lane(s) 

STEP  TEN  OUTPUT 

POSSIBLE  PHAGES  APPROACHES   1    ?<  2 


526 

1- 

one 

phase 

on  1  y 

7S0 

B- 

two 

phases 

. di  recti  on a I 

spli  t 

PQSSIBL 

E  PHAJ 

3ES 

APPROACHES 

3  &  4 

877 

one 

phase 

on  1  y 

1361 

t  W  O 

phase, 

one   le-ft  pre: 

tec ted, no  overlap 

877 

two 

phases 

,  one  1  e-f  t  pr 

otected  ..  ovtsrl  ap 

8- 

two 

phases 

,  direct! onal 

spl  it 

Pf 

"i  Cj  3&4 

v/c 

BUM  CV  t 

Capacity 

l 

0.  7S 

1404 

i 

0 . 82 

1404 

1  • 

D 

i 

I— I 

c> 

0.  82 

1 404 

1  72''' 

n 

ri 

(-;, 

1 

0.  96 

1658 

1 7  2  0 

h~ 

8 

8 

1  .  00 

1658 

1  A  fl 
1  Cj  -J 

c 

8 

1  .  00 

1658 

1  OwjU 

F 

3. .  1 0 

1887 

j.  -  J-  -..' 

rr 

8 

r".l 

i  **r 

2 141 

1 650 

nr 
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SUMMARY  OF  VEHICLE  MOVEMENTS 

Intersection       Hunting  Road  @  Kendrick  Street  


Date9/19/84  Day  of  WppU  Wednesday  woatherFair  65  Community  Needha™ 

N 


X 

o 
< 
o 
oc 

0. 
CL 

< 


0 

<r> 
C 

JC 

« 

o 

Tru 

dest 

* 

« 

ro 

< 

• 

o 

cr, 

< 

• 

rH 

(?\ 

< 

• 

CM 

rcj 
0 

a: 

01 

C 
•H 
4-) 
C 

EG 


2 

a 

2 

< 

a 

in 

in 

(N 

in 

co 

CN 

f 

rH 

CN 

rH 

rH 

rH 

CTi 

rH 

cr> 

o 

vo 

rH 

OY 

rH 

1 


m 
ro 


CM 

ro 

CM 


00 

o 


206 


271 


562 


AM 


MIO 


PM 


AM 
MID 
PM 


618 


220 


186 


35 

10 

24 

582 

205 

161 

1 

5 

1 

Kendrick  Street 
(Street  Name) 

APPROACH  3 


AM 

MID 

PM 

%  Trucks 

0.  32 

0.  45 

1.08 

Pedestrians 

NA 

NA 

NA 

Peak 

Hours 

AM 
MID 
PM 


7:30-8: 30 
12:00-1:00 
4:45-5:45 


o 

00 

ro 

rH 


CN 


in 


rH 

CO 

00 

ro 

<x> 

CN 

r-> 

rH 

rH 

in 

m 

t 

rH 

rH 

o 

CT\ 

r> 

ro 

rH 

rH 

rH 

o 

< 

I 

CL 

APPROACH  4 


1.28 

1.10 

0.2? 

NA 

NA 

NA 

%  Trucks 
Pedestrians 


Kendrick  Street 
(Street  Name) 


AM 


MID 


PM 


124 

149 

224 

390 

AM 

182 

252 

532 

MID 

— «- 

54  6 

84 

145 

638 

1394 

PM 

1645 


462 


417 


T3 
c0 
O 
CC 

c 

•H 
-P 
C 
0 

X 


CM 
I 

o 
< 
o 
rr 
a 
a 
< 


m 

< 

e 

o 

CN 

< 

• 

CN 

• 

< 

o 

0  0 

Jf  c 
U  0 


(-  0 

0 

a. 


D-131 


CIRCULAR  212  WORKSHEET :  SIGNALIZED  INTERSECTION 
A.M.    Sept.  '84 


-  OPERATIONS  !$<  DESIGN 


STEP  ONE  OUTPUT 


NAME 

KTHRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
frRT  LANES 
AVG  WIDTH 


Kendri  ck 


1 

St. 

9 
0 
0 
0 

o 


Kendrick  St.       Hunting  Rd. 

2  2 

13  13 

O  O 

O  0 

o  o 

0  o 


Hunti  na 


4 

Rd. 

2 
10 
O 
0 
0 
0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
FED  VOL 
TRUCK  /• 
BUS  STOP 


582 
1 
1 

0 .  3 
0 


2 
84 
182 
124 
1 

1.3 

O 


3 

316 
90 
19 
1 

2.6 

O 


4 

5 

549 
747 
1 

0.  5 

O 


STEP  FOUR  OUTPUT 


CYCLE(secs) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
FASS  CHK 


72 

50 
100 
.32 
306 

7B 
178 

35 

t 


72 
50 
100 
.  32 
583 
0 
100 
84 

t 


72 
50 
100 
.67 
1296 
0 

100 
316 


72 
50 
100 
.67 
109 
695 
795 
5 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


0 


1 

79 
44 

739 


0.78 
109 
236 
161 


0.81 
400 
1 14 
24 


4 

0.89 
6 

620 
844 


STEP  SEVEN  OUTPUT 

OP  VOL 
FCE  LTU 
PCE  LTP 
FCE  RT 


306 
2.  00 
1 .  20 
1 .  00 


583 
2.00 
1 . 20 
1 .00 


o 

1296 
6.00 
1 . 20 
1.00 


4 

109 
1.00 
1 . 20 
1.00 


A1B2 
A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
829 
616 
2540 
1469 


PROTECT  LT 
794 
528 
618 
1470 


1*        STEP  EIGHT  AND  NINE  A  OUTPUT 


A1B2 
A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
479 
291 
1200 
771 


PROTECT  LT 
458 

250 
292 
772 


STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES   1   *<  2 


479 

708 


1-one  phase  only 

8-two  phases, di rectional  split 


POSSIBLE  PHASES  APPROACHES  3  &  4 


1200 
1064 


1-one  phase  only 

8-two  phases, directional  split 


Phasing   1?<2       Phasing  3?<4  v/c 


r.r.c. 

.•  * 


8 
1* 


0.  90 
0 .  93 


SUM  CV 

1543 
1679 


Capaci  ty 

1720 
1 800 


?                                          1-07                          1772  1650 

B                            1*                                            l90fl  172Q 

*    mis  phasing  may  be  inappropriate  due  to  left  turn  restricti 
see  STEP  FOUR  OUTPUT  above 


LOS 

E 

E 


F 
F 


ons 


Identify  Volumes,  in  vph 


RT.JiL 


Approve 


It 


Assign  Lane  Volumes, 
in  vph 

AoOrO*Cft  3 

T 


19 


ft**  

13T 


Hffproien  4 
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CIRCULAR  212  WORKSHEET :    SIGNALIZED   INTERSECTION  -  OPERATIONS  S<  DESIGN 


MID  Sept.  '84 


STEP  ONE  OUTPUT 


NAME 

frTHRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
*RT  LANES 
AVG  WIDTH 


Kendr i  cl 


1 

St. 

9 
O 
0 
0 

o 


Kendr ick  St. 

■  13 
0 
0 
0 
0 


Hunting  Rd. 

13 
0 
0 
O 
0 


Hunting  Rd. 

«-> 

10 
0 
0 
0 
0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  7. 
BUS  STOP 


1 

10 

205 


0 . 


1 

o 


149 
252 
145 
1 

1  .  1 

0 


141 

97 
17 
1 

2.0 

0 


4 

2 
73 
116 
1 

2.6 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 
OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


72 
50 
100 
.  6B 
397 
419 
519 
10 

t 


72 
50 
100 
.  68 
210 
606 
706 
149 
t 


72 
50 
100 
.31 
189 
183 
2'd 
141 
t 


72 
50 
100 
.31 
1 14 
8 

;e 

2 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0 .  7  1 
14 

290 
7 


0.  70 
215 
364 
209 


0.84 
171 
118 
21 


4 

0.81 
3 
92 
147 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

397 
2.00 
1.20 
1 .  00 


210 
1.00 
1 . 20 
1 .00 


3 
189 
1.00 
1.20 
1.00 


4 

114 
1.00 
1 . 20 
1.00 


ftl&2 
A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
326 
789 
310 
242 


PROTECT  LT 
314 
832 
344 
242 
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§ 


A 1  b2 
A2B 1 
P.3B4 
A4B3 


UNPRUTECT  LT 
188 
373 
146 
127 


PROTECT  LT 
181 
393 
162 
127 


STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES   1    «<  2 


373 
574 


1-one  phase  only 

8-two  phases . di recti  anal  split 


POSSIBLE  PHASES  APPROACHES  3  S<  4 


146 

290 


1-one  phase  only 

8-two  phases, di recti onal  split 


Phasing  18*2 

Phasing  3?<4 
1 

v/c 
0.29 

SUM  CV 
519 

Capaci  ty 
1800 

LOS 
A 

1 

■■  -  s 

0.39" 

662 

i?2u 

 7T 

8 

1 

0.  42 

721 

1720 

A 

8 

8 

0 . 52 

864 

1650 

A 

!2>* 


16 


Identify  Lane  Geometry 
Agorojcft  3 


20'  [22' 


4-    ~ZZ  -r'- 


7=- 


IV 


Approscn  4 


Identify  Volumes,  in  vph 

Aooroacn  3 


T 


TH  .  151 

IT._L£5_ 


10 


LT  •. 

TM.-2CT 

HT  5 


Approve 


It 


Assign  Lane  Volumes, 
in  vph 

Aocxo»ch  3 

~n — 


'17 


Approach  4 
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1 


CIRCULAR  212  WORKSHEET:  SIGNALIZED  INTERSECTION  -  OPERATIONS  &  DESIGN 
P.M.    Sept.  '84 

STEP  ONE  OUTPUT 


NAME 

*THRU  LANES 
AVG  WIDTH 
*LT  LANES 
AVG  WIDTH 
fr-RT  LANES 
AVG  WIDTH 


Kendr i  ck 


1 

St. 

9 
0 
0 

o 

0 


Kendr ick  St. 

13 
O 
0 

o 

0 


Hunting  Rd. 

2 
13 
O 

0 
0 
0 


Hunti  na 


4 
Rd. 

2 
10 
O 
0 
O 
0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
RED  VOL 
TRUCK  7. 
BUS  STOP 


1 

24 
161 
1 
1 

1 .  1 

O 


2 

638 
532 
224 
1 

0.3 
O 


3 
167 
741 
29 
1 

0.4 

0 


4 
1 

86 
89 
1 

1.  1 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 
OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


72 
50 
100 
.59 
756 
0 
100 
24 

t 


72 
50 
100 
.59 
162 
546 
646 
638 
t 


72 
50 
100 
.40 
175 
305 
405 
167 
t 


72 
50 
100 
.40 
770 
0 

100 
1 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0.78 
31 
209 
1 


2 

0.93 
688 
574 
242 


3 

0.93 
180 
800 
31 


4 

0.96 
1 

91 
94 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

756 
4.  00 
1 . 20 
1 .  00 


162 
1.00 
1 . 20 
1 .  00 


3 

175 
1.00 
1.20 
1  .  00 


4 

770 
4.00 
1.20 
1.00 


A1B2 
A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
334 
1503 
1012 
189 


PROTECT  LT 
247 
1641 
1048 
186 
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■ 


STEP  EIGHT   AND  NINE  A  OUTPUT 


A1B2 
A2B1 
A3B4 
A4B3 


UNPROTECT  LT 
193 
710 
478 
99 


PROTECT  LT 
143 
775 
495 

■  97 


STEP  TEN  OUTPUT 

POSSIBLE  PHASES  APPROACHES  1   &  2 


710 
91B 


1-one  phase  only 

8-two  phases , di recti onal  split 


POSSIBLE  PHASES  APPROACHES  3  &  4 


47B 
592 

Phasing  1S<2 


T 

8 
B 


1-one  phase  only 

6-two  phases. directi onal  split 


Phasi  ng  3&4  v/c 
1  0. 66 


sun  CO 
1188 


TJ 
1 

8 


0.  7Z 
0.81 
0.92 


1396 
1511 


Capaci  ty 
1800 


7720" 

1720 
1650 


LOS 
B 


C 
D 
E 


IS 


Identijy  Lane  Geometry 

Apono»CH  3 


20*  £22 


-4 


7=- 


l?'" 


Identijy  Volumes,  in  vph 


Hi 


Aooroten  3 
~J  


IT._^L 
TH-JkL 
RT  •  L 


•m. 


Approaa 


Assign  Lane  Volumes, 
in  vph 

~n — 


29 


It 


224  t 


Approach  4 
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SUMMARY  OF  VEHICLE  MOVEMENTS 

IntPrSfirtinn      Greendale  Avenue  @  Kendrick  Street  


Datei22o/84  Day  Qf  week  'Ihursdav 


2 

*-  a. 
X 

o 

<  Q 

o  I 

£C 
Q. 
Q. 
< 

2 
< 


to 

c 

a 

u 

3 

e 

w 

e 

K 

"O 

a> 
a 

O 

m 

< 

H 

rH 

< 

i— 1 

r» 

< 

rH 

AM 
MID 
PM 


Peak  Hours 

7:45-8:45 
12: 00-1: 00 
4:30-5:30 


CD 
3 
C 
CD 
> 
< 

CD 
i — I 

rd 

T3 
C 
CD 
CD 
M 
O 


E 

TO 

z 

0) 
*- 

CO 


2 

Q 

z 

< 

I 

0. 

00 

00 

rH 

o 

(N 

ro 

i— i 

i— i 

a\ 

i— I 

rH 

in 

CO 

o 

CN 

o 

t> 

*r 

r- 

vr> 

Weather  Fair  65  —  Community  Needham 

N 

1 


*3" 

o 

in 

ro 

iH 

m 

CO 

CN 

H 

O 

i— I 

m 

m 

H 

 i 

2 

o 

2 

< 

I 

a 

APPROACH  3 

AM         MID  PM 


4  .37 

0.00 

0.56 

NA 

NA 

NA 

%  Trucks 
Pedestrians 


Kendrick  Street 
(Street  Name) 


AM 

MID 

PM 

183 

182 

240 

— 4- 

245 

1 

5 

17 

533 

AM 

MID 

PM 


689     204  197 


rtj 
TS 
C 
CD 
CD 
U 

o 


e 

c 

m 

« 

o 

3 

0) 

0) 

"O 

# 

Pe 

in 

00 

< 

rH 

< 

rH 

rH 

rH 

< 

• 

o 

CM 

X 

o 
< 
o 
rx 

CL 

CL 
< 
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:iRCULAR  212  WORKSHEET:  UNSIGNALI ZED  - 
A.M.   Sept.  '84 


3  APPROACHES 


GENERAL  CHARACTERISTICS 
CONTROLS:  YIELD 

•  F'REVAILING  SPEED:   30  MPH 

MAIN  STREET  #  OF  LANES:   2  LANES 

MINOR  STREET  LANES 
APPROACH:  C:  Kendrick  St. 
EXCLUSIVE  LEFT  TURN  LANES i  N 

•  EXCLUSIVE  RIGHT  TURN  LANES:  N 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
•PERCENT  HV  TRU 
PASS  CAR/HR 


A:   Greendale  A  B:   Greendale  A  C:   Kendrick  St 


LT  TH 
0  98 
0 . 00 

0.00 
99.  00 
0.00 
1 . 00 

0 


RT 
12 


LT 
677 
0.  00 


TH 
40 

0.  00 
98.00 

1.00 

1 .  00 


RT 
0 


TH 

0 


STEP   1  RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
•CRITICAL  GAPS 
CAPACITY 
SHARED  LANE 


STEP  2  LEFT  TURNS  FROM 
^CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
fiAVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 

^•conflicting  FLOWS 

CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
•SHARED  LN  DEMAND 
CAPACITY  OF  SHARED  LN 
AVAILABLE  RESERVE 
DELAY 
LOS 


687 


C:Kendrick  St. 

104 
5.0 
1081 
Y 


B: Greendale  Ave. 

110 
5.0 
1075 
687 
64 
0.43 
388 

Short  traffic  delay 
B 


C:Kendrick  St. 

821 

6.5 

317 

136 

Y 

Y 

188 
1042 
854 

Little  or  no  delay 
A 


LT 
1 

0 . 00 

0.00 
96 . 00 
2.00 
2 . 00 
1  0 


RT 
182 


187 
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CIRCULAR  212  WORKSHEET:    UNSIGNALI ZED  - 


3  APPROACHES 


MID  Sept.  '84 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAIL  I NG  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:   2  LANES 

M I  NOR  STREET  LANES 
APPROACH:   C:   Kendrick  St. 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:   Greendale  A  B:   Greendale  A  C:   Kendrick  St 


LT 
0 

0 . 00 


TH 


RT 
1 


LT 

203 
0.  00 


0.  00 
88.  00 
6.  00 
6.  00 


TH 
45 

0.00 
98 . 00 
1.00 
1 . 00 


RT 

0 


LT 
5 

0 . 00 


TH 

O 


RT 
240 


STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
SHARED  LANE 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY  OF  SHARED  LN 
AVAILABLE  RESERVE 
DELAY 
LOS 


206 


C: Kendrick  St. 

34 
5.0 
1 160 

Y 


B:Greendale  Ave. 

34 
5.  0 
1160 
206 
18 
0.88 
954 

Little  or  no  delay 
A 


C:Kendrick  St. 

282 

6 . 5 

640 

562 

Y 

Y 

245 
1136 
891 

Little  or  no  delay 
A 
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0.00 

O.  00 
i         0  240 
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CIRCULAR  212  WORKSHEET:  UNSIGNALI ZED  -  3  APPROACHES 
P.M.    Sept.  '84 


6ENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 


MINOR  STREET  LANES 
APPROACH:   C:   Kendrick  St. 
EXCLUSIVE  LEFT  TURN  LANES:  N 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:  Greendale  A  B:   Greendale  A  C:   Kendrick  St 


LT  TH 
0  54 

0 . 00 

0.  00 
98.00 

1 .  00 
1 . 00 

0 


RT 
0 


LT 
197 
0.00 


TH 
111 

0.  00 
99.00 
0.00 
1 . 00 


RT 

0 


TH 

0 


STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
SHARED  LANE 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY  OF  SHARED  LN 
AVAILABLE  RESERVE 
DELAY 
LOS 


199 


C:Kendrick  St. 

54 
5 . 0 
1 137 
Y 


B:Greendale  Ave. 

54 
5.0 
1137 
199 
IB 
0.88 
938 

Little  or  no  delay 
A 


CiKendrick  St. 

362 
6.5 

577 
508 
Y 
Y 

538 
1094 
555 

Little  or  no  delay 
A 
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0.00 
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17  0 
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Intersection 


SUMMARY  OF  VEHICLE  MOVEMENTS 

Webster  Street  @  Greendale  Avenue 


Date9-19-84Day  of  Week  Wednesday  Weather 


Fair  65°F 
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CIRCULAR  212  WORKSHEET:  UNSIGNALI ZED  -  3  APPROACHES 
A.M.    Sept.  '84 


GENERAL  CHARACTERISTICS 
CONTROLS:  YIELD 

•  PREVAILING  SPEED:    30  MPH 

MAIN  STREET  *  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:   C:   Greendal e  Ave. 
EXCLUSIVE  LEFT  TURN  LANES:  N 

•  EXCLUSIVE  RIGHT  TURN  LANES:  N 


VOLUMES 


APPROACH  A: 

Webster 

St.   B:  Webster 

St.  C: 

Greendal e 

A 

)  • 

LT  TH 

RT       LT  TH 

RT 

LT  TH 

RT 

VOLUME 

0  493 

2       52  174 

0 

1  0 

136 

PERCENT  GRADE  0.00 

0.00 

0. 

00 

PERCENT  CYCLES 

0.00 

0.00 

0.00 

PASSENGER  CARS 

99.00 

95 . 00 

98 . 00 

PERCENT  LT  TRU 

0.00 

2.00 

1.00 

"  • PERCENT  HV  TRU 

1.00 

3 . 00 

1.00 

PASS  CAR/HR 

0 

54 

1  0 

138 

STEP   1   RIGHT  TURNS  FROM 

C: Greendal e 

Ave. 

CONFLICTING  FLOWS 
•CRITICAL  GAPS 
CAPACITY 
SHARED  LANE 


STEP  2  LEFT  TURNS  FROM 
'CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
►AVAILABLE  RESERVE 
DELAY 
LOS 


step  3  left  turns  from 
•conflicting  flows 

critical  gaps 

capacity 

adjust  for  imp 

shared  lane  thru 

shared  lane  right 
Shared  ln  demand 

capacity  of  shared  ln 

available  reserve 

DELAY 
LOS 


494 
5.0 
732 
Y 


B: Webster  St. 

495 
5.0 
731 
54 
7 

0.96 
677 

Little  or  no  delay 
A 


C:Greendale  Ave. 

720 

6.5 

362 

347 

Y 

Y 

139 
726 
587 

Little  or  no  delay 
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CIRCULAR  212  WORKSHEET:    UNSIGNALIZED  - 


3  APPROACHES 


MID  Sept.  '84 


GENERAL  CHARACTERISTICS 

CONTROLS:  YIELD 

PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:   C:   Greendale  Ave. 

EXCLUSIVE  LEFT  TURN  LANES:  N  ^ 
EXCLUSIVE  RIGHT  TURN  LANES:  N 


VOLUMES 


APPROACH 
VOLUME 

PERCENT  GRADE 
PERCENT  CYCLES 
PASSENGER  CARS 
PERCENT  LT  TRU 
PERCENT  HV  TRU 
PASS  CAR/HR 


A:   Webster  St.    b:    Webster  ST.   C:   Greendale  A 


LT  TH 
0  217 
0 . 00 

0.  00 
97.00 
1.00 
2 . 00 

0 


STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
SHARED  LANE 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
ADJUST  FOR  IMP 
SHARED  LANE  THRU 
SHARED  LANE  RIGHT 
SHARED  LN  DEMAND 
CAPACITY  OF  SHARED  LN 
AVAILABLE  RESERVE 
DELAY 


RT       LT       TH  RT 
3       51      195  O 
0 . 00 

0.  00 
98.00 

1.00 

1 .  00 

52 


C: Greendale  Ave. 

219 
5.0 
964 
Y 


B: Webster  ST. 

220 
5.0 
963 


0.97 
91 1 

Little  or  no  delay 
A 


C:Greendale  Ave. 

465 
6.5 

505 
490 
Y 
Y 

54 

899 
845 

Little  or  no  delay 
A 


TH 
O 


LT 
4 

0.  00 

0.00 
98.00 
1 .00 
1 . 00 
4  O 


RT 
49 
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CIRCULAR  212  WORKSHEET:  UNS 1 GNAL I  ZED  -  3  APPROACHES 
P.M.    Sept.  '64 


6ENERAL  CHARACTERISTICS 
CONTROLS:  YIELD 
••PREVAILING  SPEED:    30  MPH 

MAIN  STREET  #  OF  LANES:    2  LANES 

MINOR  STREET  LANES 
APPROACH:   C:   Greendale  Ave. 
EXCLUSIVE  LEFT  TURN  LANES:  N 
'•EXCLUSIVE  RIGHT  TURN  LANES:  N 


VOLUMES 


APPROACH  A: 

Webster  St.  B: 

Webster  St.  C: 

Greendal e 

A 

• 

LT       TH  RT 

LT       TH  RT 

LT  TH 

RT 

VOLUME 

0     251  5 

151     576  0 

0  0 

61 

PERCENT  GRADE  0 

.  00  C 

.  00  0 

.  00 

PERCENT  CYCLES 

0.  00 

0.00 

0.00 

PASSENGER  CARS 

98 . 00 

y.  i  oo .  oo 

98.00 

PERCENT  LT  TRU 

1.  00 

0.  00 

1.00 

•  PERCENT  HV  TRU 

1 . 00 

0 .  00 

1 . 00 

PASS  CAR/HR 

0 

151 

0  0 

62 

STEP   1   RIGHT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
SHARED  LANE 


STEP  2  LEFT  TURNS  FROM 
CONFLICTING  FLOWS 
CRITICAL  GAPS 
CAPACITY 
DEMAND 

CAPACITY  USED 
IMPEDANCE  FACTOR 
AVAILABLE  RESERVE 
DELAY 
LOS 


STEP  3  LEFT  TURNS  FROM 
•CONFLICTING  FLOWS 

CRITICAL  GAPS 

CAPACITY 

ADJUST  FOR  IMP 

SHARED  LANE  THRU 

SHARED  LANE  RIGHT 
•SHARED  LN  DEMAND 

CAPACITY  OF  SHARED  LN 

AVAILABLE  RESERVE 

DELAY 

LOS 


C:Greendale  Ave. 

254 
5 . 0 
931 
Y 


B: Webster  St. 

256 
5.0 
929 
151 
16 
0.89 
778 

Little  or  no  delay 
A 


C: Greendale  Ave. 

981 
6.5 

258 
230 
Y 
Y 

62 
931 
869 

Little  or  no  delay 
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Appendix  E 
CTWLTML  REVIEW  MEMORANDUM 


Appendix  E 


Description  of  Content 

The  Highland  Avenue/Needham  Street  Corridor  Consensus 
Committee  proposed  the  construction  of  a  five-lane  section  on 
segments  of  Highland  Avenue  and  Needham  Street  to  improve  traffi 
flow  and  land  use  access  within  the  study  area.     The  proposed 
fifth  lane  would  be  a  "Continuous  Two-Way  Left-Turn  Median  Lane" 
(CTWLTML) . 

As  part  of  the  effort  to  examine  the  feasibility  of  this 
kind  of  configuration  current  literature  on  the  subject  was 
researched  and  reviewed  by  CTPS .     The  findings  of  the  research 
effort  were  documented  in  an  internal  CTPS  memorandum  that  is 
printed  in  this  appendix.     The  memorandum  contains  a  brief  sum- 
mary of  each  of  the  issues  concerning  this  kind  of  lane  con- 
figuration from  the  perspective  of  the  Highland  Avenue/Needham 
Street  study  area. 


CTPS 


State  Transportation  Building 
10  Park  Plaza.  Suite  2150 
Boston,  MA.  02116-3968 
(617)973-7100 


CENTRAL 
TRANSPORTATION 
PLANNING 
STAFF 


MEMORANDUM 


TO: 


Lawrence  Tittemore 


August  10,  1984 


FROM: 


Wi  lliam 


T.  Steffens 


RE: 


CTWLTML 


Review 


Definitions 

CTWLTML  -  Continuous  Two-Way  Left-Turn  Median  Lane 
COWLTML  -  Channelized  One-Way  Left-Turn  Median  Lane 


There  are  two  types  of  COWLTML:     raised  and  flush.  When 
raised  the  median  serves  as  a  non-traversible  barrier  separating 
opposing  and  conflicting  traffic  movements.     Flush  channelization 
generally  refers  to  the  use  of  paint,  buttons,   tile  or  some  other 
easily  transversible  delineator. 

The  CTWLTML  is  a  center  left-turn  lane  that  provides  a  com- 
mon space  for  vehicles  traveling  in  either  direction  to  change 
speeds  and  to  queue  for  left-turn  movements  at  any  location  along 
a  two-way  roadway.     The  COWLTML  is  a  central  left-turn  lane  that 
provides  space  for  vehicles  traveling  in  one  direction  to  turn  at 
designated  locations  along  a  two-way  roadway. 

Access  Conditions^ 

The  concentration  of  left  turns  resulting  from  restrictive 
or  nontravers ible  median  controls  is  often  undesirable.  Such 
controls  often  result  in  an  increase  in  U-Turns  or  in  "around  the 
block"  traffic  movements  to  reach  destinations  on  the  arterial 
non-accessible  by  direct  left  turns,  and  sometimes  leads  to  con- 
siderable pressure  from  local  businesses  for  additional  more 
favorable  median  openings. 

Traffic  Volume 

CTWLTML' s  have  been  constructed  on  two  known  seven  lane 
facilities  with  25,000-27,000  ADT.  Literature  research  indicates 
reductions  in  accidents  have  occurred  at  CTWLTML ' s  under  varying 
volumes  within  the  full  8,000-31,000  ADT.     They  are  most  commonly 
used  on  five  lane  facilities  moving  from  10,000  to     25,000  ADT. 

Problem:  As  traffic  volumes  approach  capacity,   the  gaps  in 
opposing  traffic  become  more  limited  -  so  the  value  of  the 
CTWLTML  for  reducing  congestion  becomes  questionable.     That  is, 


A  Cooperative  Transportation  Planning  Effort  of  the  Executive  Office  of  Transportation  and  Construction.  Massachusetts  Bay  Transportation 
Authority.  MBTA  Advisory  Board.  Massachusetts  Department  of  Public  Works.  Massachusetts  Port  Authority,  Metropolitan  Area  Planning  Council 
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traffic  volumes  as  such  may  not  always  be  a  warrant  for  CTWLTML. 
On  the  contrary,  volumes  approaching  roadway  capacity  in  either 
direction  may  be  a  reason  for  not  installing  the  two-way  left 
turn  lane.     A  more  important  consideration  is  the  observation  of 
time  gaps  of  sufficient  length  for  the  left  turn  movement  to  be 
accomplished . 


Speed  Limit 

Speed  is  not  a  governing  factor.  Speed  higher  than  25MPH 
seems  appropriate  to  discourage  the  use  of  the  center  lane  for 
passing . 

Signing  and  Pavement  Markings 

In  October,  1964  Peter  Kaltnow  in  Traffic  Engineering  indi- 
cated,  "CTWLTML 's  were  being  developed  without  fanfare  or  stan- 
dards, without  driver  education  without  legal  standards  or  names 
but  those  using  them  (practically)   without  exceptions  reported 
that  they  work".     The  lack  of  signing  and  marking  uniformity  was 
described  as  so  complete  as  to  even  defy  the  laws  of  chance  -  the 
success  regardless  of  markings  underscores  their  effectiveness. 
Guidelines  for  signing  and  pavement  marking  procedures  to  be  used 
with  CTWLTML  have  since  been  developed  and  are  contained  in  the 
Manual  on  Uniform  Traffic  Control  Devices,  sections  3B-12  and 
2B-17. 

Proper  Use 

Use  of  the  CTWLTML  is  reserved  for  vehicles  in  the  main 
stream  of  traffic  to  enter  for  the  purpose  of  deceleration  and 
storage  in  preparation  for  making  a  left  turn  into  properties 
abutting  the  arterial.     It  is  not  intended  to  be  used  for  passing 
and  overtaking  or  travel.     However,  use  of  the  lane  for  accelera- 
tion by  left  turning  vehicles  entering  the  main  flow  from  a  dri- 
veway or  intersection  is  yet  a  point  of  contention,  but  is 
considered  by  most  traffic  engineers  to  be  a  proper  use. 

Since  the  CTWLTML  is  available  for  simultaneous  use  by 
vehicles  traveling  in  opposite  directions  it  presents  drivers 
with  an  unusual  situation  foreign  to  the  normal  driving 
experience.     It  is  therefore,  particularly  important  to  educate 
the  public  in  how  to  use  the  lane  properly. 

In  an  evaluation  of  driver  use  of  CTWLTML' s  the  Georgia 
Division  of  the  ITE  concluded  that  "a  significant  percentage  of 
left-turning  drivers  use  the  lane  improperly."     The  primary 
faults  included: 


o  use  of  an  excessive  length; 

o  stopping  in  or  turning  left  from  through  lanes; 

o  driving  accross  pointed  channelization  at  terminal  ends. 

The  findings  further  point  up  the  need  for  reliable  educa- 
tion of  the  public  in  proper  use. 
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Documented  Experience 

Cincinnati  CTWLTML:     Four-lanes  restriped  to  five  lanes. 
Department  store  and  many  other  traffic  generators  do  not  attract 
traffic  until  after  the  morning  peak  hour  traffic  has  subsided; 
during  the  day  through  traffic  becomes  relatively  less  important. 
Consequently,  the  conflict  between  the  access  function  and  the 
movement  function  becomes  most  critical  during  the  evening  peak 
hour . 

The  case  concluded,  CTWLTML  benefits  were  most  pronounced  as 
volumes  increased.  The  effect  of  volume  on  speed  was  more  signi- 
ficant on  the  four-lane  roadway. 

In  Mansfield  North  evaluation:     Two  lanes  restriped  to  three 
lanes.     Introduction  of  a  lane  even  at  the  expense  of  narrowing 
each  of  the  original  two  lanes  by  4  feet  considerably  improved 
the  safety  of  the  roadway  and  resulted  in  considerably  increased 
running  speeds. 

Alternatives  to  Control  Conflicts  at  Access  Points^ 

Conflicts  arise  from  the  need  for  provision  of  access  to 
abutting  properties  and  the  efficient  movement  of  traffic. 

Tactics  to  minimize  the  severity  of  conflicts: 

-Reduce  speed  limit. 

-Increase  turning  and  merging  speeds  by  high  standard 
driveway  design  -  provide  acceleration  and  decelera- 
tion lanes. 

-Channelize  driveway  vehicles  to  enter  and  leave  at 
small  angles. 

-Eliminate  sight  restrictions. 

Density  of  conflicts  can  be  reduced  by: 

-Elimination  of  redundant  driveways. 

-Consolidation  of  driveways. 

-Provision  of  one-way  operation  on  nearby  driveways  where 
inner  circulation  is  available. 

To  reduce  the  frequency  of  conflicts: 

-Control  spacing  between  driveways  to  minimize 
conflicts  between  vehicles  from  adjacent  driveways, 
(hard  to  do  after  the  fact)  . 
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-Control  clearance  between  driveways  and  intersections 
to  minimize  conflicts  between  driveway  vehicles  and 
intersection  vehicles. 

-Provide  channelization  to  physically  separate  driveway 
vehicles  from  the  arterial  and  prevent  their 
encroachment  or  re-entry  into  the  through  lanes  (eg. 
separation  of  driveway  ingress  vehicles  onto  a  dece- 
laration  lane  or  left  turn  slot) . 

-Install  channelized  left-turn  bays  on  the  arterial 
roadway  to  shadow  left-turning  vehicles  from  rear-end 
conflicts . 

More  drastic  alternatives: 

-Eliminate  driveways  and  provide  access  to  nearby 
collectors . 

-Change  driveway  operation  to  one-way  enterings  and 
provide  exits  on  nearby  collectors  to  meet  the 
arterial  at  controlled  intersections. 

-Construct  a  frontage  road. 

-Construct  a  median  divider  and  prevent  left  turns. 

-Install  one-way  operation  on  the  arterial. 

Access  to  Property 

In  general,  operational  problems  at  mid-block  locations 
relate  to  a  lack  of  or  improper  control  of  access.     Too  many  dri- 
veways, poor  driveway  design  and  the  lack  of  acceleration  -  dece- 
leration lanes  reduce  the  quality  of  traffic  flow  and  safety  on 
the  facility.     On  such  streets,   these  conditions  exist  in  the 
vicinity  of  the  intersections  and  result  in  reduced  capacity. 

The  most  critical  problem  with  mid-block  access  is  the  left- 
turn  maneuver  into  a  driveway.     One  obvious  correction  is  the 
introduction  of  a  barrier  type  median  that  prohibits  the  mid-  ( 
block  left-turn.     However,  this  generally  is  not  a  practical 
solution  where  access  has  already  been  granted. 

When  barrier  medians  are  used,  and  direct  access  to  land  is 
not  permitted,  circuitous  problems  in  gaining  access  to  the  land 
can  develop.     U-turns  at  the  intersection  are  impractical  and  i 
unsafe.     Access  by  "circling  the  block"  can  be  provided  by  the 
proper  street  layout.     The  most  desirable  means,  however,   is  to 
encourage  access  from  a  side  street  after  turning  left  at  an 
i  nter sect  ion . 

i 
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Some  observers  have  advanced  the  idea  that  the  CTWLTML 
increases  the  capacity  of  intersections  by  reducing  the  number  of 
left-turns  to  be  accomodated.     The  rationale  is  that  turns  per- 
mitted at  mid-block  would  have  otherwise  been  routed  through  the 
intersection  to  gain  access. 

Among  the  possible  alternatives  for  increasing  capacity  two- 
way  left  turn  lanes  are  considered  among  small  capacity  increase 
alternatives.     Large  capacity  increase  (50%)   system  management 
alternatives  include:     one-way  operation;  reversible  flow;  and 
left-turn  prohibition.     Small  capacity  increases  of  less  than  25% 
include:     unbalanced  flow;  two-way  left-turn  lane,  and  provision 
for  protected  left  turns. 

The  design  of  the  two-way  left  turn  lane  is  to  remove 
vehicles  waiting  to  turn  left  from  through  travel  lanes.  Since 
left-turns  into  roadside  commercial  areas  declines  during  peak 
periods  the  reduction  in  trip  time  is  probably  rather  small. 
(Nevertheless,   in  areas  where  through  traffic  is  approaching 
saturation,  even  a  low  number  of  lefts  being  made  consistently 
during  the  peak  period  can  lead  to  significant  performance  reduc- 
tions.    This  situation  occurs  during  the  PM  peak  period  on 
Needham  Street  and  Highland  Avenue.) 

On  Needham  Street  and  Highland  Avenue  the  PM  peak  direction 
is  westbound.     Two  conditions  seem  to  cause  extensive  queueing 
sometimes  for  the  entire  length  of  the  corridor.  First, 
conflicts  are  created  by  left-turns  from  Highland  Ave.  onto 
Wexford  Street  either  for  U-turns  or  legitimate  access  to  Wexford 
Street.     Left-turning  traffic  from  the  Second  Avenue  intersection 
becomes  blocked  and  backs  up  through  the  signal. 


As  the  signal  changes  phase  neither  direction  of  Highland 
Avenue  can  move  until  the  Second  Avenue  traffic  clears  the  inter- 
section.    The  cycle  failure  effects  of  this  situation  disrupts 
northside  (westbound)  Highland  Avenue  traffic  most. 


The  second  problem  location  is  the  Oak  Street/Christina 
Street  intersection  in  Newton.     In  the  absence  of  police  details 
this  intersection  can  become  the  control  point  for  all  Needham 
Street  traffic.     The  severity  of  congestion  being  left-turn  volume 
dependent . 

Operational  Performance 

Bef ore-and-af ter  studies  of  CTWLTML  by  Nemeth  et.al.,  (1976) 
included  the  review  of  two  different  treatments.     The  first 
involved  the  conversion  of  a  four  lane  arterial  into  three-lanes 
the  third  lane  being  a  CTWLTML.     The  conclusion  of  the  analysis 
was  that  conversion  resulted  in  increased  travel  time,  increased 
weaving  and  some  reduction  in  total  conflicts. 


E-7 


-6- 


In  the  second  case  a  four-lane  roadway  was  converted  into  a 
five-lane  section.     The  analysis  showed  an  increase  in  volumes 
with  an  insignificant  change  in  travel  speeds.     Conflicts  as 
measured  by  braking  to  avoid  contact  declined  by  19  percent. 

This  treatment  was  also  found  to  create  additional  capacity 
within  the  existing  right-of-way  enabling  greater  volumes  of 
traffic  to  use  the  facility  without  reducing  travel  times.  In 
effect,  traffic  using  alternate  routes  prior  to  implementation 
will  return  to  the  improved  facility.     The  resultant  effect 
should  be  a  reduction  in  total  VMT  and  of  traffic  intrusion  on 
residential  streets. 

Accident  Experience^ 

Walton  et.al.,   (TRR,   737)   used  a  multiple  regression  tech- 
nique to  predict  accident  rates  on  CTWLTML.     The  equation  pre- 
dicts number  of  accidents  per  mile  on  the  basis  of  ADT,  city 
population,  number  of  driveways  per  mile  and  number  of  signals 
per  mile.     The  r2  is  approximately  .75  with  a  standard  error  of 
estimate  of  33. 

Under  present  conditions  Highland  Avenue  annually  averages 
approximately  124  accidents  per  mile  for  the  three  years  ending 
1983.     Over  the  same  time  period  Needham  Street  averaged  approxi- 
mately 183  accidents  per  mile.     Application  of  Walton's  equation 
to  the  Highland  Avenue/Needham  Street  corridor  assuming  implemen- 
tation of  a  CTWLTML  and  installation  of  traffic  signals  at  Oak 
Street  and  Christina  Street  and  at  Marshall's  Plaza,  indicates 
the  potential  for  a  substantial  reduction  in  total  accidents. 
The  expected  number  of  accidents  per  mile  under  the  assumed  sce- 
nario would  total  approximately  86  per  year.     Applying  the  stan- 
dard error  of  estimate  from  the  original  analysis  a  realistic 
range  of  53  to  119  accidents  per  mile  per  year  can  be  expected. 
(Derivation  of  these  results  is  contained  in  Appendix  A.) 

There  were  too  few  examples  of  COWLTML  to  develop  a  similar 
equation,  however,  the  authors  did  compare  the  actual  accident 
experience  of  the  COWLTML  with  an  equation  estimated  CTWLTML. 
The  calculated  accidents  per  mile  were  consistently  higher  than 
the  actual  experience,  however,  the  estimates  were  within  an 
average  error  of  -33.4. 

The  analysis  suggests  the  possibility  of  an  additional 
margin  of  safety  of  COWLTML  over  the  CTWLTML.     This  may  stem  from 
a  reduction  in  the  number  of  potential  conflicts  of  the  COWLTML 
as  compared  to  the  CTWLTML. 
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Operational  Conflicts 

Theoretically/   five  types  of  operational  conflicts  have  been 
identified  on  a  CTWLTML: 

1.  Head-on  conflict. 

2.  Conflict  between  a  vehicle  in  the  CTWLTML  and  a  left- 
turning  vehicle  from  a  inner  street. 

3.  Conflict  between  a  vehicle  in  the  CTWLTML  and  a  vehicle 
beginning  to  enter  the  CTWLTML. 

4.  Conflict  between  a  left-turning  vehicle  not  in  the 
CTWLTML  and  a  through  moving  vehicle. 

5.  Conflict  between  a  vehicle  in  the  CTWLTML  and  a  through 
moving  vehicle. 

With  a  flush  COWLTML  only  three  potential  conflicts  have 
been  identified: 

1.  Conflict  between  a  left-turning  vehicle  and  a  straight 
through  vehicle  from  the  through  lane. 

2.  Conflict  between  a  left-turning  vehicle  in  the  left-turn 
lane  and  a  left  turning  vehicle  from  the  opposite  direc- 
tion . 

3.  Conflict  between  a  left-turning  vehicle  and  a  straight 
through  vehicle  in  the  opposite  direction. 

With  a  raised  COWLTML  only  one  type  of  conflict  is  likely, 
that  between  a  left-turning  vehicle  and  a  through  vehicle  in  the 
through  lane. 

Summary : 

1.  General  accident  statistics  for  raised  COWLTML  sites  and 
CTWLTML  sites  indicate  similar  patterns  by  hour  of  day, 
number  of  vehicles  involved  and  severity. 

2.  Raised  COWLTML  sites  have  a  greater  proportion  of  inter- 
section and  intersection  related  accidents  than  do 
CTWLTML . 

3.  The  most  frequently  noted  factor  contributing  to  acci- 
dents on  CTWLTML  and  raised  COWLTML  are  unsafe  speed  and 
failing  to  yield  right  of  way. 

4.  CTWLTML  related  accidents  are  of  lower  severity  than 
non- CTWLTML  sections. 
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5.  CTWLTML  lane  widths  of  11  feet  and  12  feet  have  no 
significant  adverse  effect  on  traffic  operations,  but  15 
foot  or  greater  lane  widths  create  some  confusion  among 
drivers . 

6.  In  reference  to  flush  COWLTML' s  lane  widths  of  10.5  to 
12.5  feet  showed  no  significant  operational  variation. 

7.  Lane  widths  of  8  ft.  6  in.  to  10.   ft  6.   in  for  COWLTMLs 
produced  significant  variations. 

8.  There  is  a  wide  range  of  entrance  distances  on  CTWLTMLs. 
The  majority  of  drivers  observed  entered  the  CTWLTML 
150-250ft  from  the  intersection,  while  very  few  drivers 
entered  the  lane  less  than  30m  (100ft)   from  the  intersec- 
tion . 

9.  Although  there  is  a  range  of  maneuvering  distances,  a 
large  number  of  observed  drivers  completed  the  left-turn 
entry  in  50ft. 

10.     Maneuvering  distances  are  shorter  at  midblock  than  at 
intersection  approaches. 

In  conclusion,  observers  have  found  the  fear  of  conflicts 
and  resultant  increase  in  accidents  after  implementation  of 
CTWLTML' s  to  be  unfounded.     In  fact,   most   "anticipated"  conflicts 
rarely  occur;  if  they  occur  they  are  handled  with  typical  driver 
judgement . 

It  was  also  observed  that  the  signing  and  pavement-marking 
procedures  in  the  Manual  on  Uniform  Traffic  Control  Devices, 
(sections  3B-12  and  2B-17)   are  effective  in  informing  drivers  of 
CTWLTML  operations.     Also,   speed  limits  imposed  on  many  CTWLTML 
serve  little  purpose. 

In  regard  to  raised  or  flush  COWLTML,   no  significant  driver- 
conflict  problems  were  observed. 


OBSERVED  CONDITIONS   IN  USE 


C 


CTWLTML 


COWLTML 


ADT 


10,000-20,000  (4-Lane) 
5,000-12,000  (2-Lane) 


14,400-31,000  (4-Lane) 
>10,000  (in  general) 


Speed 


30  -  50  MPH 


>  30  MPH 


Widths 


10  -  15  ft. 


12  ft. 
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Land  use 


Change  in 
Accidents 


CTWLTML 

Commercial 
or 

industrial  w/ commercial 


•6  to  38%  in  before/after 
■35%  in  regression  model 


COWLTML 
Not  as  important 


-28%  in  regression  model 


OPERATIONS  AND  CAPACITY  EFFECTS 

1.     Conversion  of  four-lane  arterial  into  a  three-lane 

section 

result  t     increased  travel  times 
increased  weaving 
reduction  in  total  conflicts 


2.     Conversion  of  four-lane  section  into  a  five-lane  section 
result ;     increased  volumes 

insignificant  change  in  speed 
decline  in  braking  related  conflicts 

Survey  of  Texas  SDHPT  &  City  Engineers^ 

CTWLTML  preferred  in  areas  of  demand  for: 

-midblock  left  turns 

-peak  through  traffic  volume 

-strip  commercial  land  use 

-through  traffic  speed  of  more  than  30  MPH 

-long  block  spacing 

-abutting  retailers  preference 


COWLTMLS  preferred  where: 


-sight  distance  is  restricted 
-pedestrian  movements 
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Appendix  F 


Description  of  Content 

Included  in  this  appendix  are  several  documents  that  were 
generated  previous  to  and  as  part  of  the  study  of  existing  con- 
ditions. 

In  the  order  of  appearance  are: 

-  December  17,  1982  letter  from  community  leaders  and 
Newton-Needham  Chamber  of  Commerce  to  the  Massachusetts 
Department  of  Public  Works   (MDPW)   outlining  the  plan  pro- 
posed by  the  Highland  Avenue/Needham  Street  Corridor 
Consensus  Committee 

-  April  26,  1983  letter  from  the  Metropolitan  Area  Planning 
Council  (MAPC)  to  the  MDPW  suggesting  a  feasibility  study 
of  the  plan  submitted  by  the  two  communities 

-  May  10,  1983  letter  from  the  City  of  Newton  to  MAPC 
endorsing  the  suggestion  of  a  feasibility  study 

-  May  18,   1983  letter  from  the  Town  of  Needham  to  MAPC 
endorsing  the  suggestion  of  a  feasibility  study 

-  July  1,   1983  internal  memorandum  of  the  Town  of  Needham 
announcing  the  scheduled  time  of  a  meeting  with  MDPW  offi- 
cials 

-  August  5,  1983  letter  with  meeting  notes  attached  from  the 
City  of  Newton  to  the  MDPW  which  discuss  an  August  2n<^ 
interagency  meeting 

-  July  18,  1984  letter  from  the  communities  and  the  Chamber 
of  Commerce  requesting  a  postponement  of  the  CTPS  turning 
movement  count  survey 

-  September  24,  1984  meeting  notes  from  the  consulting  firm 
of  Lozano,  White  and  Associates  to  the  Needham  Street 
Corridor  Task  Force 

-  October  1,  1984  meeting  notes  from  CTPS  to  meeting  atten- 
dees discussing  preliminary  findings  from  the  study  of 
existing  conditions 

-  January  23,  1985  memorandum  from  CTPS  to  the  MDPW 
regarding  the  CTPS  review  of  the  Vanasse/Hangen  Site 
Impact  Analysis  for  160  Gould  Street  in  Needham 
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February  1,   1985  internal  memorandum  of  the  Town  of 
Needham  pertaining  to  a  CTPS  briefing  on  existing  con- 
ditions problems  and  solutions 

June  12,   1985  letter  from  the  Newton-Needham  Chamber  of 
Commerce  to  the  MDPW  requesting  an  update  on  the  status  of 
the  Highland  Avenue-Needham  Street  project 

October  3,   1985  announcement  of  a  special  meeting  of  the 
Highland  Avenue-Needham  Street  Task  Force 

February  3,  1986  letter  from  the  Highland  Avenue-Needham 
Street  Task  Force  responding  to  the  draft  "existing  con- 
ditions" report 

April  7,   1986  letter  with  memorandum  from  CTPS  to  Highland 
Avenue-Needham  Street  Task  Force  responding  to  their  com- 
ments on  the  "existing  conditions"  report 

April  24,   1986  letter  from  the  Executive  Office  of 
Transportation  and  Construction  (EOTC)   to  Representative 
Susan  D.  Schur  apprising  her  of  the  progress  made  in 
addressing  the  issues  of  the  Highland  Avenue-Needham 
Street  corridor 

June  2,   1986  letter  from  CTPS  to  MDPW  discussing  potential 
improvements  to  the  Needham  Street/Oak  Street/Christina 
Street  intersection  in  Newton 

July  10,  1986  memorandum  from  CTPS  to  the  MDPW  summarizing 
agreements  reached  for  short-range  improvement  of  Highland 
Avenue  and  Needham  Street 

July  15,   1986  notes  of  a  meeting  held  for  CTPS  to  present 
the  conclusions  and  recommendations  of  the  "existing  con- 
ditions" report  to  Representative  Susan  Schur  and  offi- 
cials from  the  MDPW 

July  16,  1986  letter  from  CTPS  to  the  MDPW  discussing 
potential  improvements  to  the  Needham  Street/Oak  Street 
intersection 
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CHAMBER  OF  COMMERCE.  INC. 


4  3  7    CHERRY    STREET    •    NEWTON,    MASSACHUSETTS    •  02165 


Mr.  Sandino  J.  Terfigni,  Commissioner 
Massachusetts  Department  of  Public  Works 
100  Nashua  Street 
Boston,  Massachusetts  02114 

Dear  Commissioner  Tersigni: 

At  our  meeting  on  September  22,  1982  among  you  and  your  staff,  officials 
from  the  City  of  Newton  and  the  Town  of  Needham,  representatives  of  local 
business  and  concerned  citizens  you  cited  the  lack  of  a  consensus  on  how 
to  improve  the  Highland  Avenue/Needham  Street  Corridor  as  a  major  obstacle 
for  State  involvement  in  the  project  in  the  near  future.     In  demonstrating 
the  commitment  and  concern  of  the  communities  and  area  businesses,  we 
pledged  the  efforts  of  our  Engineering  and  Planning  staffs  and  business 
representatives  to  develop  a  consensus,  conceptual  plan  which  would  serve 
as  the  basis  for  future  detailed  design  and  engineering  for  corridor 
improvements. 

The  concept  plan,  which  is  attached  for  your  consideration,  represents  the 
efforts  of  the  communities  and  businesses  over  the  past  12  weeks.  Five 
meetings  were  convened  in  order  to  discuss  the  various  components  of  the 
project  and  to  achieve  resolution. 

We  believe  our  efforts  have  produced  a  plan  which  will  address  the  major 
traffic  problems  in  the  Highland  Avenue/Needham  Street  Corridor  in  a  manner 
which  is  not  only  technically  feasible,  but  acceptable. 

It  is  hoped  that  our  efforts  have  eliminated  the  lack  of  consensus  on 
corridor  improvements  and  that  we  may  see  further  actions  taken  on  this 
project  whose  implementation  has  eluded  us  for  over  the  past  decade. 
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Town  of  Needham 
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3)     Improvements  to  Highland  Ave.-Needham  Street 


a)  Reconstruction  of  the  existing  roadway  from  Route  128  to  Route  9 
to  include  construction  of  a  72'  roadway  of  four  lanes  (two  in 
each  direction)  of  12'  width  with  a  lane  for  turning  and 
including  sidewalks.     (See  Illustration  42). 

b)  Establishment  of  storage  capacity  at  key  points  to  allow  for 
turning  movement  of  commercial  and  passenger  vehicles. 

c)  Consolidation  of  curb  cuts  where  feasible. 

d)  Encourage  the  relocation  of  some  loading  docks. 

e)  Encourage  additional  offstreet  parking  to  permit  traffic  flow 
and  remove  parking  on  state-owned  land. 

f)  Installation  of  traffic  signals  at  First  Ave.,  Oak  &  Christina, 
Winchester  St.  and  the  Centre  Street  ramps  at  Route  9  to  assure 
proper  traffic  flow  and  increase  pedestrian  safety. 


Summary  Focus: 

In  essence,  it  is  agreed  that  these  improvements  meet  the  needs 

of  business  and  private  traffic,  improved  access  to  Route  128  and  freer 

flow  of  vehicles,  as  well  as  providing  improved  pedestrian  safety. 

Most  importantly,  it  will  help  preserve  existing  jobs  and  allow 

orderly  development  for  future  economic  growth.     It  is  to  be  / 

emphasized  that  approximately  50Z  of  the  private  sector  jobs 

are  within  a  two  stile  radius  of  this  corridor  in  both  communities. 

It  i»  essential  that  we  preserve  what  we  have  and  enhance  it. 
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Attachment  tl 

Technical  Committee 


Town  of  Needham-  Russell  Burke,  Planning  Director 
John  Karr,  Town  Engineer 
Richard  Robinson,  Traffic  Engineer 

City  of  Newton-    Lewis  Branzburg,  Economic  Development  Planner 
Barry  Canner,  Planning  Director 
Paul  Giunta,  City  Engineer 
Donald  Quinn,  Construction  Engineer 
Donald  Silverson,  Director  of  Economic  Development 
David  Tannozzini,  Traffic  Engineer 


Newton-Needham  Chamber  of  Comme re e- 


John  Fox,  GTE  Sylvania:  Chairman,  Highland  Ave. -Needham  St. 

Task  Force 

Stanley  Golembe,   Itek  Corp.,  V.P.  Economic  Development 
Lewis  B.  Songer,  Executive  Vice  President 


Attachment  #2 
Meeting  Schedule  (1:30  p.m.  meetings) 


October  14  Newton  City  Hall 

October  28  Newton  City  Kail 

November  10  Needham  Public  Work*  Dept. 

November  29  Newton  City  Hall 

December  9  Needham  Public  Works  Dept. 
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Metropolitan  Area  Planning  Council 

HO  Tremont  Street  Boston,  Massachusetts  02108  (617)-451-2770 

St*rwm*  101  '  •:'<-■»  a  Towns  m  Meimpttlitsn  Bo^nn 


VJ  i 


April  26,  1983 

Commissioner  Robert  T.  Tierney 
Mass.  Department  of  Public  works 
100  Nashua  Street 
Boston,  MA  02114 

Dear  Commissioner  Tierney: 

On  March  8,  1983,  representatives  of  the  Tow, ,  of  ««dh».  the  City  of  Newton 
S^\^*a^^^«S?'S-  and  Poute  1Z8. 
A  copy  of  their  letter  is  attached. 

believet  that  their  concerns  merit  further  examination. 

As  you  may  know,  MAPC  has  had  a  continued  interest  in  ^  Problems  of  this  area.^ 
In  February,  1980,  CTPS  published  the  Highland  Av«« 'XTlSto^Ee^aB  Chamber 

We  recommend  that  a  feasibility  study  be  ^ucted  as  a  co W^****^ 
MDPW's  Bureau  of  Transportation  Planning  »"d  Development,  osed  improvements 

»f?^^ 

Mr*?^^  action  may  be  more  appr°- 

priate. 

MAPC  would  be  happy  to  work  with  yo, .  and  your  staff  by  providing ,  relevant  dat^and 
Klrons^rK  «  Pr°Vide  fUrther  inf0™at"n 

Sincerely, 


Alexander  V.  Zaleski 
Executive  Director 

AVZ:EB:jtg 
Attachment 

rr.    Mavor  Theodore  D.  Mann,  Newton  u^^m 
En  P    Jacques,  Chairman,  Board  of  Selectmen,  Needham 
Elizabeth  A.  Bransfield,  MAPC  President 
David  Jackson,  MAPC  Representative,  Newton 

^^ongerfllloc .^reTrSoloent.  Newton/Needham  Chamber  of  Commerce 


TELEPHONE 
552-7100 


It  ^  ^ 


COMMONWEALTH  AVENUE  AND  WALNUT  STREET 


NEWTON  CENTRE  02159 


OOOHE  D  MANN 


May  10,  1983 


Mayor 


Mr.  Alexander  Zaleski,  Executive  Director 
Metropolitan  Area  Planning  Council 
110  Tremont  Street 
Boston,  MA  02108 

Dear  Mr.  Zaleski: 

I  am  writing  in  reference  to  your  letter  of  April  26,  1983  to 
Massachusetts  DPW  Commissioner  Robert  Tierney  regarding  the  Needham  Street- 
Highland  Avenue  Corridor.     We  appreciate  your  cooperation.     In  these  times  of 
dwindling  public  resources,  cooperation  between  the  state  and  local  level  is 
essential . 

I  am  delighted  that  you  shared  with  us  the  urgency  of  our  problems  on 
Needham  Street.     The  Concept  Plan  which  you  reviewed  reflects  the  consensus 
of  engineers,  planners,  public  officials,  and  the  business  community.  The 
Plan  is  based  on  design  concepts  developed  in  conjunction  with  the  Massachusetts 
Department  of  Public  Works.     I  refer  you  to  two  sources:     The  Highland  Avenue/ 
Needham  Street  Reconnaissance  Report,  February  1980,  prepared  by  the  Central 
Transportation  Planning  Staff,  and  the  preliminary  design  map,  prepared  by 
the  Massachusetts  DPW  in  February,  1982.     The  Concept  Plan  reflects  these 
preliminary  estimates  of  rights-of-way,  road  alignments,   land  damages,  and 
other  physical  constraints  in  the  corridor. 

I  believe  it  is  now  necessary  to  further  the  process  with  functional 
designs.     I  would  welcome  your  assistance  in  the  development  of  engineering 
plans,  specifications  and  cost  estimates  for  the  project.     My  staff  is 
available  to  meet  with  you  at  your  earliest  convenience  to  discuss  the  next 
phase  of  the  design  process.     Please  contact  Donald  Silverson,  Economic 
Development  Director,  at  552-7135,  to  arrange  such  a  meeting. 

Again,  thank  you  for  your  assistance.     Clearly  the  traffic  congestion 
which  exists  in  the  corridor  is  not  only  unsafe,  but  represents  the  primary 
obstacle  to  economic  growth  in  the  area.     I  look  forward  to  working  with 
you  toward  a  satisfactory  solution  to  the  problem. 


cc:     Commissioner  Robert  Tierney,  Mass.  Dept.  of  Public  Works 
Rep.  Susan  Schur 

Norman  P.  Jacques,  Chairman,  Board  of  Selectman,  Needham 
David  Jackson,  MAPC  Representative,  Newton 

Lew  Songer,  Executive  Vice-President,  Newton-Needham  Chamber  of  Commerce 


Theodore  D.  Mann 
Mayor 


Sincerely, 
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TOWN  OF  NEEDHAM 


MASSACHUSETTS 


Office  of 
BOARD  OF  SELECTMEN 


May  18,  1983 


Mr.  Alexander  Zaleski,  Executive  Director 
Metropolitan  Area  Planning  Council 
110  Tremont  Street 
Boston,  MA  02108 


Dear  Alex: 


On  behalf  of  the  Town  of  Needham  I  would  like  to  express  our 
appreciation  for  your  support  of  the  Highland  Avenue/Needham  Street 
corridor  project  as  stated  in  your  letter  of  April  26,  1983  to 
MDPW  Commissioner  Tierney. 

The  Town  of  Needham  and  the  City  of  Newton  have  long  sought  relief 
to  the  growing  traffic  congestion  in  this  area.    Recognizing  the  importance 
this  area  represents  in  terms  of  jobs  and  tax  base  to  the  communities 
and  region,  the  Town  of  Needham  and  City  of  Newton  have  coordinated  their 
efforts  with  the  input  of  the  business  community  in  preparing  the 
Highland  Avenue-Needham  Street  concept  plan.    This  plan  represents  not 
only  a  solution  to  existing  problems,  but  a  framework  to  coordinate 
future  development  with  circulation  improvements. 

The  Town  of  Needham,  along  with  the  City  of  Newton  is  willing  to  meet 
with  you  and  your  staff  to  discuss  joint  efforts  in  forwarding  this  project. 
Such  a  meeting  can  be  coordinated  with  our  Planning  Director,  Russell  Burke. 

Please  accept  our  thanks  for  your  interest  and  involvement  in  seeking 
a  solution  to  this  local  and  regional  problem. 


Very  truly  yours, 


Norman  P.  Jacques,  Chairman 
Needham  Board  of  Selectmen 


NPJ:kd 


cc:     Commissioner  Robert  Tierney,  MDPW 
Theodore  D.  Mann,  Mayor  of  Newton 
Norman  A.  Homsy,  MAPC  Representative,  Needham 
Lewis  B.  Songer,  Newton-Needham  Chamber  of  Commerce 
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MEMO 


TO:     Harold  W.  Noble,  Executive  Secretary,  Board  of  Selectment 
FROM:     Russell  J.  Burke,  Needham  Planning  Director 
DATE:     July  1,  1983 

SUBJECT :    Highland  Avenue-Needham  Street  Corridor 


Please  be  advised  that  a  meeting  with  DPW  Commissioner  Tierney  and 
his  Chief  Engineer  has  been  scheduled  for  July  12,  1983  at  2:00  p.m. 
in  Room  410  of  100  Nashua  Street.     Representatives  of  Needham, 
Newton,  and  the  Chamber  of  Commerce  have  been  invited. 

The  purpose  of  the  meeting  is  to  hear  the  MDPW  response  to  the 
Concept  Plan  submitted  earlier  in  the  year. 


£C:     Mr.  Ed  Bates 

MAPC  Transportation  Planning  Manager 
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CITY  OF  NEWTON,  MASSACHUSETTS 


CITY  HALL 


10OO  COMMONWEALTH  AVENUE 


NEWTON  CENTRE  02159 


TELEPHONE  (6 1 7)  552  7  1 35 


DEPARTMENT  OF  PLANNING  AND  DEVELOPMENT       BARRY  C  CANNER.  DIRECTOR 


Commissioner  Robert  Tierney 
Massachusetts  Department  of  Public  Works 
100  Nashua  Street 
Boston,  MA  02114 

Dear  Commissioner  Tierney: 

Attached  for  your  information  are  notes  of  an  interagency  meeting 
of  engineers  and  planners  held  on  August  2,  1983  regarding  the 
upgrading  of  Needham  Street/Highland  Avenue.     The  meeting  was  fruit- 
ful, in  part,  thanks  to  the  cooperative  attitude  displayed  by  your 
agency  and  all  of  the  agencies  represented. 


cc:    Rep.  Susan  D.  Schur 
Rep .  Connovan 
Bob  Kelley,  MDPW 

Selectman  Hersey,  Town  of  Needham 
/Arnie  Soolman,  CTPS 
Mayor  Theodore  D.  Mann,  Newton 
Russ  Burke,  Needham  Planning 
Phil  Lynch,  Middlesex  County 
Ed.  Bates,  MAPC 

Lew  Songer,  Newton-Needham  Chamber  of  Commerce 


August  5,  1983 


Sincerely, 


Donald  Silver son 
Economic  Development  Director 


DS/dd 
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Kjp^dham  Street  Auqust  2,  1983 


Meeting  Notes:    Upgrading  of  Needham  Street  /Highland  Avenue 

8/2/83,  10:00  a.m.  at  Metropolitan  Area  Planning  Council  (MAPC) 

110  Tremont  Street,  Boston  I 

Attendance:     See  attached  list. 

Silver son:    Short  background  presentation. 

Kelley:    Concept  Plan  is  unique  due  to  the  configuration  of  five  lanes 
without  a  median  barrier.    Especially  since  it  is  innovative  design  and 
due  to  the  extent  of  land  damages  involved,  land  use  and  traffic  studies 
are  prerequisite.    Studies  should  document  existing  conditions  as  well 
as  projections  under  various  alternatives. 

Issues  to  be  considered  include  local  vs.  through  traffic  volumes, 
interaction  with  Rt.  128,  and  left  hand  turning  motions. 

MDPW  is  in  the  process  of  selecting  a  consultant  to  study  the  alteration 
of  access  to  Rt.  128 (north  and  south  bound)  in  the  vicinity  of  Kendrick 
Street.    That  study  will  be  completed  more  than  a  year  from  now. 

Soolman:    CTPS  can  perform  traffic  studies,  including  turning  counts. 
However,  staff  will  not  be  available  at  least  until  September,  and 
scheduling  thereafter  depends  on  relative  priority  of  this  project. 
Assistance  from  Newton  and  Needham  with  data  collection  (traffic  counters 
and  existing  archival  data)  would  expedite  the  work. 

Shouldn't  studies  of  Needham  Street/Highland  Avenue  be  conducted  simulta-- 

neously  with  studies  of  the  Rt.  128  interchange  so  that  data  is  complete  and 
consistent? 

Kelley:     Yes,  but  local  street  data  might  justify  the  need  for  an  expanded 
interchange,  so  the  local  study  should  be  done  as  soon  as  possible. 

Bates :    Discontinuity  of  data  would  be  a  problem,  but  a  phased  approach 
might  be  more  pragmatic  than  all  or  nothing, 

Mar-r:  Needham  has  no  funds  to  commit,  but  will  provide  staff  to  assist  - 
CTPS. 

Silver son:  Newton  will  also  provide  staff. 

Giunta:    Newton  has  a  lot  of  miscellaneous  data,  already  collected  for  other 
projects,  which  could  be  used  by  CTPS. 

Branzburg :    Note  also  that  the  study  area  ought  to  include  the  Nahanton/ 
Winchester  Street  area  of  Newton,  which  is  prone  to  development. 

•    Soolman .    CTPS  will  initiate  the  appropriate  studies  as  soon  as  possible, 
given  other  priorities.    Within  the  next  month,  the  agency  will  prepare  a 
detailed  work  program  to  enable  Newton "and  Needham  to  start  gathering 
archival  data  and  scheduling  staff  time  for  traffic  counts. 

Kelley:  In  the  meantime,  Newton  and  Needham  should  work  on  the  historical 
assessment  of  the  bridge.     The  environmental  assessment  should  be  done  after 
the  preliminary  land  use,  traffic,  and  road  design  studies  are  completed. 
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The  Middlesex  County  baseline  study  should  be  delayed  until  design, 
options  have  been  selected. 

Soolman     Further  contacts  with  CTPS  can  be  made  with  Dan  Beagan, 
Supervisor  of  Traffic  Engineering. 
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July  18,  1984 


Mr.  Alexander  Zaleski,  Executive  Director 

Metropolitan  Area  Planning  Council 

110  Trcmont  Street 

Sostou,  Mas sacbusetts  02108 

Dear  Mr.  Zaleski: 

We  are  writing  on  behalf  of  the  Chamber  of  Cossserce,  the  Town  of 
Keedham  and  the  City  of  Newton  regarding  plana  for  monitoring  and  recording 
turning  ocvecents  in  conjunction  with  the  concept  plan  for  the  Highland 
Avenue-Needhaia  Street  corridor  during  the  next  fev  weeks. 

It  ia  our  opinion  that  local  conditions  are  substantially  different 
in  the  sunater,  not  only  because  of  employee  vacations  from  the  firms  in 
the  corridor,  but  also  because  daytixe  traffic  for  shoppers  is  substant- 
ially  different.    We  therefore  request  a  brief  poatponeaent  until 
September. 

Finally,  it  should  be  noted  that  two  major  business  uses  (Federal 
Express  and  Dissensions,  Inc.)  are  beginning  operations  within  the  asonth. 
The  traffic  effects  frost  their  operations  are  important. 

For  these  reasons,  although  we  do  not  wish  to  unduly  delay  the 
project,  it  seems  to  make  sense  to  request  a  short  delay  in  recording 
turning  covenants  to  assure  better,  nore  accurate  data. 

Thank  you  for  your  consideration. 


Sincerely, 


Russell  Burke 
Planning  Director 
Town  of  Ne adnata 


Barry  Canner 
Planning  Director 
City  of  Newton 


Lewis  B.  3on$er,  CC£ 
Executive  Vice  President 
Newton-Needham  Chamber 


of  Ccrrrcaerce 


LBS/ho 
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Lozano,  White  and  Associates 
<j /24/84  Architecture  •  Urban  Design  •  City  Planning 


MEMO:  To  Needham  Street  Corridor  Task  Force 

From:  Eduardo  Lozano  and  Roberta  Leary  C 

Re:  Notes  of  September  20  Task  Force  Meeting, 
Agenda  for  October  4  Task  Force  Meeting 

l.    Note?  p_f  Sept.  2J&  Meeting 

Purpose  of  Meeting:  Introduction  of  Lozano,  White  and 
Associates  (LWA)  to  Task  Force;   outline  purpose  and  scope  of 
project;  receive  initial  concerns  and  comments  from  committee. 

4 

E.  Lozano  -  Outlined  the  purpose  and  scope  of  the  project 

being  conducted  by  LWA  as  follows.    The  purpose  of  the 

project  is  to  develop  a  concept  plan  to  guide  development  of 

properties  along  Needham  Street.     The  major  focus  is  upon 

uses  of  properties  in  the  corridor,  or  land  use  —  such  as 

retail,  manufacturing,  etc.  —  because  land  use  patterns  are  * 

the  major  source  of  traffic  congestion,  safety  and  other 

problems . 

The  need  for  a  concept  plan  is  illustrated  by  the  changes  now 
taking  place  in  the  corridor.    Maintaining  the  corridor  as  it 
is  today  is  impossible,  given  current  development  pressures.  f 
For  example,  as  much  as  600,000  square  feet  of  new 
development  is  planned  or  rumoured  now.  All  this  is  ocurring 
without  a  plan.     Current  zoning  of  the  corridor  allows 
intensive  development  of  a  wide  variety  of  uses.  More 
uncontrolled  development  will  make  existing  problems  worse. 

A  concept  plan  will  help  the  city  guide  the  corridor's 
development.     It  will  take  into  account  the  interests  of 
businesses,  residents  and  the  needs  of  the  city,  and  will 
include  zoning  and  other  controls  to  carry  out  the  plan. 

In  developing  the  plan,  LWA  will  outline  a  series  of  - 
alternatives,  or  "scenarios",  and  will  evaluate  the  effects  * 
of  each  on  the  city's  tax  base,  existing  businesses,  traffic 
and  safety,  employment  and  the  neighborhood. 

The  project  parallels  another  study  of  Needham  Street 

being  done  by  the  Central  Transportation  Planning  Staff 

(CTPS)  for  the  Mass  DPW.    This  latter  study  deals  with  • 

reconstruction  of  Needham  Street,  and  is  a  feasibility 

analysis  of  the  "Concept  Plan"  developed  by  the  City,  the 

Chamber  of  Commerce  and  other  groups.     The  two  studies  are 


30  Brattle  Street   Cambridge,  Massachusetts  02138  USA  Telephone:  (617)  868-6344 


complementary:   LWA's  work  will  provide  the  CTPS  with  land  use 
projections  to  evaluate  the  effects  of  the  concept  plan. 

The  role  of  the  Task  Force  in  the  LWA  project  is  to  give 
direction  to  the  consultants,  to  critique  specific  proposals, 
and  to  give  guidance  on  community  participation  and  reaction. 

Public  workshops  to  enable  broad  community  input  into  the 
study  will  be  held  September  26  (7:30  pm,  Emerson  Gym)  and 
October  10   (7:30  pm,  Honeywell). 

Comments 

L.  Sonaer:   Emphasize  study's  focus  on  land  use,  not  traffic. 
The  "Concept  Plan"  (see  above)  has  already  been  developed  to 
deal  with  traffic.     Suggests  Needham  planner  be  invited  to 
Task  Force. 

L.  Bransbura:  Explained  City  does  not  yet  have  a  plan  for 
Corridor,  and  that  such  a  plan  is  the  purpose  of  the  LWA 
study. 

V.  Niccol lazzo:  Maintenance  of  current  uses  in  Corridor 
desireable.     Consultants  should  bring  specific  plan  to  Task 
Force. 

L.  Richards :  Traffic  congestion  hurts  existing  businesses. 

HL.  Sul 1 i van:  The  policy  of  city  is  forcing  manufacturing 
tenants  out.    Only  retailers  can  afford  current  levels  of  taxes. 

T_».  Walsh:  Traffic  problems  severe  for  residents. 

R*.  Friend:  Involvement  of  residents  in  plan  is  essential. 
Suggests  written  agenda  for  next  meeting. 


Agenda  Iql  fleeting      October  i  IS  snu  city  Hall,  Esu  2221 

Purpose  of  meeting  :     Evaluation  of  development  scenarios 
for  Corridor;   Update  on  CTPS  Study 

8:00  am    -  Presentation  by  LWA  of  development  scenarios: 
land  uses,  effects  on  traffic,  taxes,  existing 
business,  neighborhood  quality 

8:30  am    -  Discussion 

9:00  am    -  Update  of  CTPS  Traffic  Study 
9:30  am    -  Adjourn 


Lozano,  White  and  Associates 


ATTENDANCE 

September  20,  1984 

Mirick  Friend 

McDonald' s 

965 

-4240 

Lew  Songer 

Chamber  of  Commerce 

244 

-5300 

Michael  Malec 

Alderman 

969 

-5031 

Cary  Everett 

Resident  (south) 

965 

-0654 

Nan  Laurence 

NUFCDC 

332 

-9075 

James  Miller 

Planning/Development 

244 

-3200 

Thomas  Sullivan 

T&H  Realty 

244 

-1157 

Steven  Gainsboro 

Ava  Botelle 

964 

-1913 

Victor  Nicollazzo 

Bigelow  Oil  Co. 

964 

-1600 

Lincoln  Richards 

Arklay  S.  Richards  Co. 

527 

-1512 

Lewis  Bransburg 

Newton  Planning  Dept. 

552 

-7135 

Terence  Walsh 

Residential  Comm. 

244 

-5149 

Eduardo  Lozano 

Lozano,  White  and  Assoc. 

868 

-6344 

Roberta  Leary 

Lozano,  White  and  Assoc. 

868 

-6344 

Lozano,  White  and  Associates 


central  transportation  planning  staff 

lOpark  plaza  room    2150  boston,  ma.         02116-3968  (617)  973-  7100 


Notes  on  Meeting 
Update  of  Needham  Street/Highland  Avenue  Feasibility  Study 

October  1,  1984 


B.  Steffens  opened  the  meeting  with  a  short  briefing  on  the 
CTPS  field  work  that  had  been  completed  thus  far.     CTPS  planners 
have  been  invited  to  attend  a  meeting  sponsored  by  Lozano,  White 
and  Associates  who  were  hired  by  the  City  of  Newton  to  develop 
land  use  recommendations  for  the  Needham  Street  Corridor. 

L.  Tittemore  described  the  preliminary  findings  based  on  the 
work  completed  to  date: 

1 .  Building  Set-back  Survey 

In  several  cases  buildings  along  Needham  Street  and 
-  Highland  Avenue  are  built  up  to  the  MDPW  60-foot  right-of- 
way.     Therefore,  significant  land  taking  can  be  expected  if 
a  72-foot  cross  section  (five  12-foot  lanes,  and  two  6-foot 
sidewalks)  is  constructed. 

L.  Brandzburg  then  mentioned  a  February  1982  proposal  of  the 
MDPW  to  widen  Needham  Street  and  Highland  Avenue  which  included 
an  alternative  with  a  72-foot  cross-section  which  could  be 
constructed  without  taking  existing  buildings.     CTPS  agreed  to 
review  the  MDPW  plan.     Subsequent  review  of  those  plans  indicate 
that  it  may  be  possible  to  provide  a  72-foot  cross-section 
without  conflict  with  existing  store  fronts. 

2 .  Accident  Record  Research 

Review  of  local  police  (1981-1983)  and  MDPW  (1976-1981) 
accident  records  indicates  that  several  safety  problems 
exist  at  the  Wexford  Street/Highland  Avenue  intersection  in 
Needham.     While  more  detailed  analysis  needs  to  be  completed, 
it  appears  that  the  heavy  demand  for  U-turns  by  traffic 
leaving  the  New  England  Industrial  Park  from  First  Avenue, 
that  occurs  at  this  point,  has  created  an  unsafe  situation. 

It  was  pointed  out  that  the  concept  plan  calls  for 
opening  the  median  barrier  on  Highland  Avenue  which  pre- 
sently blocks  First  Avenue.     While  it  may  be  true  that  this 
action  would  solve  the  U-turn  problem  it  would  also  require 
installation  of  a  traffic  signal  which  would  be  extremely 
hazardous  to  traffic  on  the  adjacent  Route  128  ramp  system. 
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3 .     Turning  Movement  Count  Survey 

CTPS  conducted  a  survey  of  turning  movements  at  selected 
intersections  in  the  study  area  between  September  18tn  and 
20 tn.     The  results  of  the  survey  will  be  used  to  assess  the 
existing  levels  of  congestion  and  to  determine  the  potential 
for  traffic  diversion  under  various  frontage  road  alternatives. 

The  attached  map  was  then  distributed  and  possible 
short-range  improvements  along  the  Needham  Street/Highland 
Avenue  corridor  were  discussed. 

Preliminary  examination  of  operating  conditions  along 
Needham  Street  and  Highland  Avenue  suggest  that  major  expansion 
of  the  roadway  to  five  lanes  as  called  for  in  the  concept  plan  is 
not  needed  under  existing  conditions.     Rather,  existing  problems 
with  traffic  congestion  appear  more  closely  related  to  operating 
conditions  at  a  number  of  key  locations. 

In  Newton,  the  Needham  Street  intersections  with  Oak  Street 
and  Christina  Street  and  with  Winchester  Street  and  Dedham  Street 
merit  attention.     To  improve  operations  at  each,  CTPS  will  con- 
sider signalization  and  geometric  upgrading. 

In  Needham,  the  Highland  Avenue  intersections  with  Second 
Avenue  and  with  First  Avenue  also  appear  to  be  the  cause  of  traf- 
fic problems  which  occur  periodically.     To  alleviate  these,  CTPS 
will  investigate  the  possibilities  of  upgraded  channelization  and 
signal  retiming  at  Second  Avenue,   in  conjunction  with  improve- 
ments at  First  Avenue. 

It  was  further  noted  that  the  presence  of  peak  period  traf- 
fic queues  which  extend  across  either  side  of  Cook's  Bridge  are 
due  to  the  existence  of  capacity  problems  experienced  at  the 
intersections  to  either  side.     The  improvements  proposed  for  Oak 
Street  and  Christina  Street  at  Needham  Street  and  for  Second 
Avenue  at  Highland  Avenue  should  alleviate  the  queuing  problem. 

At  this  point,  an  extended  discussion  was  launched  as  to  how 
the  frontage  road  and  the  Route  128  projects  would  best  be 
pursued.     B.  Kelly  pointed  out  that  any  frontage  road  construc- 
tion must  necessarily  fall  within  the  MDPW  layout. 

It  was  finally  agreed  that  a  frontage  road  alternative  would 
be  considered  in  both  the  CTPS  study  and  the  MDPW  Route  128  pro- 
ject.    It  was  also  agreed  that  implementation  of  the  two  projects 
(frontage  road,  Route  128)  should  proceed  independently. 

Following  this,  the  discussion  focused  on  land  use  con- 
siderations.    Both  R.  Burke  and  L.  Branzburg  clarified  the 
posture  of  their  communities  toward  greater  selectivity  in 
choosing  the  types  of  future  land  use  which  will  be  permitted  in 
the  area.     B.  Patneaude  pointed  out  the  need  for  communities  to 
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consider  R-O-W  acquisition  in  land  use  planning,  and  further 
stated  that  the  MDPW  cannot  be  expected  to  build  highways  which 
are  intended  to  foster  business  development  in  a  particular  area. 
The  community  representatives  noted  that  each  is  currently  faced 
with  proposals  which  could  conceivably  add  500,000+  square  feet 
of  development  to  the  study  area. 

Both  also  confirmed  that  the  land  use  planning  presently 
taking  place  does  not  call  for  "upzoning"  in  anticipation  of 
implementation  of  the  concept  plan. 

L.  Songer  raised  the  issue  that  the  Needham  Street/Highland 
Avenue  corridor  was  originally  intended  to  extend  to  the  west 
from  the  intersection  of  Winchester  Street  with  Route  9.  CTPS 
agreed  to  include  that  portion  of  Winchester  Street  between 
Needham  Street  and  Route  9  in  the  study. 

Finally,   it  was  agreed  that  CTPS  would  release  an  Interim 
Report.     The  report  will  contain  recommended  solutions  to 
existing  problems  which  can  be  implemented  quickly,  and  will 
identify  possible  permanent  solutions  to  the  problems  which  exist 
at  First  Avenue. 

B.  Kelly  was  asked  to  investigate  the  nature  of  funds  which 
have  been  legislatively  earmarked  for  use  in  conjunction  with  the 
Highland  Avenue/Needham  Street  project. 
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MEMO 

TO:  PLANNING  BOARD  and  BOARD  OF  SELECTMEN 
FROM:  Russell  J.  Burke,  Planning  Director 
DATE:     February  1,  1985 

SUBJECT:     Highland  Avenue  /  Needham  Street  Corridor  Project  Status 


On  Wednesday,  January  30,  1985  Jack  Marr  and  I  met  with  staff  of  the 
Central  Transportation  Planning  Staff  (CTPS)  to  discuss  their  progress 
to  date  in  their  feasibility  study  of  the  Highland  Avenue/Needham  Street 
Corridor. 

The  Massachusetts  Department  of  Public  Works  (KDPW)  has  instructed  CTPS 
to  perform  a  feasibility  analysis  of  the  consensus  Corridor  Plan.  That 
is,  will  the  plan  accomplish  its  stated  objectives?  Secondly,  MDPW  has 
instructed  CTPS  to  identify  short  and  long  term  components. 

Having  completed  their  analysis  of  existing  conditions,  CTPS  presented 
some  of  their  preliminary  findings  and  short  term  strategies  to  Jack  and 
me.     Jack  and  I  emphasized  the  fact  that  while  we  recognize  that  the  128 
frontage  road  is  by  its  nature  a  long  term  component,  it  is  nontheless 
an  integral  component  of  the  concept  plan.     The  frontage  road  has  been 
included  into  the  scope  of  the  Route  128  widening  project  which  is  pres- 
ently being  undertaken  by  MDPW. 

Among  some  of  the  findings  and  suggested  short  term  solutions  of  CTPS  are: 

1.  Based  upon  the  analysis  of  existing  conditions  it  appears  as  though 
the  frontage  road  concept  is  feasible  and  will  accomplish  a  reduction  of 
surface  traffic  on  Highland  Avenue; 

2.  It  does  not  appear  feasible  that  a  cut  in  the  median  with  or  without 
signalization  is  feasible  to  permit  traffic  exiting  First  Avenue  to  turn 
left  onto  west  bound  Highland  Avenue; 

3.  The  intersection  of  Highland  Avenue  and  Wexford  Street  is  the  most 
dangerous  in  the  corridor  due  to  the  left  and  illegal  U  turns  which  are 
made  by  vehicles; 

A.     Contrary  to  previous  belief,  the  bridge  at  the  Charles  River  is  not 
a  bottleneck  for  traffic  nor  does  it  require  widening.    Traffic  moves 
without  delay  over  the  bridge  even  with  the  merging  necessitated  by  its 
narrowing.    The  bottleneck  occurs  at  the  intersections  on  either  side 
of  the  bridge  (Oak  and  Christina  in  Newton  and  Highland  and  Second  in 
Needham).     CTPS  feels  that  the  existing  bridge  has  sufficient  capacity 
to  handle  the  traffic  which  passes  through  the  intersections; 

5.     In  order  to  eliminate  the  left  turn  and  U  turn  motions  of  eastbound 
traffic  on  Highland  Avenue,  a  jug  handle  or  loop  road  is  being  explored. 
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Such  a  road  would  travel  between  First  and  Second  Avenues  behind  the  build- 
ings along  the  foot  of  the  ledge  (Jack  Marr,  Dick  Robinson,  and  I  were 
surprised  to  find  upon  field  investigation  that  it  could  be  physically 
constructed).  Another  variation  of  this  concept  could  be  s  road  which 
runs  from  First  Avenue  and  comes  out  onto  Highland  Avenue  lining  up  with 
Wexford  Street.  In  any  event  such  configurations  could  solve  the  left 
turn  difficulties  presently  being  experienced; 

6.  An  exclusive  left  turn  lane  is  being  considered  for  west  bound  High- 
land Avenue  at  its  intersection  with  Second  Avenue.     Such  a  lane  would 
increase  capacity  of  through  traffic  through  the  intersection  and  reduce 
backups  into  Newton; 

7.  The  realignment  of  Second  Avenue  and  Charles  Street  to  create  a  four 
way  intersection  has  been  examined.    However,  building  demolition  and 
land  taking  issues  could  be  prohibitive; 

8.  Cutting  under  the  rail  embankment  to  connect  the  Wexford/Charles  Street 
area  with  Reservoir  Street  and  Central  Avenue  is  being  examined  as  a  means 
to  provide  alternative  access  to  reduce  demand  from  Highland  Avenue; 

9.  The  desirability/possibility  of  a  connecting  road  between  Third  and 
Fourth  Avenues  at  the  present  termination  of  B  Street  is  being  examined. 
Such  a  connecting  road  could  assist  in  improving  the  function  of  the 
intersections  with  Kendrick  Street.    While  these  intersections  function 
well  at  present,  CTPS  comments  that  this  is  one  of  the  few  areas  in 
Needham  where  traffic  measures  can  be  implemented  before,  rather  than 
after,  traffic  problems  arise. 


CC:     David  Owen,  Executive  Secretary 

Robert  A.  MacEwen,  Director,  Public  Works  Department 

Jack  Marr,  Town  Engineer 

Dick  Robinson,  Traffic  Engineer 

Bill  Steffen,  CTPS 

Larry  Tittemore,  CTPS 

Lew  Songer,  Newton-Needham  Chamber  of  Commerce 
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STAFF 


MEMORANDUM 


TO: 


Michael  Meyer,  Director 
MDPW/BTP&D 


January  23,  1985 


FROM: 


Lawrence  Tittemore,  CTPS 


RE: 


Review  of  Vanasse/Hangen  Site  Impact  Analysis  for  160 
Gould  Street  in  Needham,  Mass. 


ATTN:     Robert  Kelley,  MDPW/BTP&D 

Robert  Patneaude  MDPW/BTP&D 


At  the  request  of  the  Town  of  Needham  Planning  Department 
(Russell  Burke,  Planning  Director),  a  request  officially 
forewarded  to  CTPS  via  the  Massachusetts  Department  of  Public 
Works,  CTPS  has  conducted  a  review  of  the  report  entitled, 
Traffic  Impact  and  Access  Study  Proposed  Office  Building 
Needham,  Massachusetts,  prepared  by  the  consulting  firm  of 
Vanasse/Hangen  Associates  (V/H) .     This  report  details  the  esti- 
mated traffic  impact  of  a  proposed  general  office  building  to  be 
located  at  160  Gould  Street  in  Needham  Heights.     CTPS  was  speci- 
fically asked  to  review  this  report  because  of  the  proximity  of 
the  proposed  facility  to,  and  its  possible  traffic-generated 
impact  upon,  the  Highland  Avenue/  Needham  Street  corridor  now 
under  study  at  CTPS. 

From  a  subsequent  telephone  conservation  with  Russ  Burke,  it 
appeared  that  Needham  was  most  interested  in  our  comments  con- 
cerning the  following  points: 

o  whether  the  traffic  conditions  at  the  intersection  of 

Gould  Street  with  Highland  Avenue/Hunting  Road,  which  were 
sampled  by  V/H  during  the  heart  of  the  summer  season, 
August  13th,  14th,  and  15th,  were  representative  of  the 
major  portion  of  the  year; 

o  whether  the  trip  generation  rate  used  to  estimate  site- 
generated  vehicular  traffic  was  appropriate  to  the  pro- 
posed type  of  development; 

o  whether  the  method  of  estimating  the  distribution/  assign- 
ment of  those  trips  as  they  approached  and  left  the  site 
was  reasonable;  and 

o  whether  the  conclusion  concerning  the  expected  level  of 
service  (LOS)  at  the  intersection  of  Gould  Street  with 
Highland  Avenue/Hunting  Road  during  the  morning  peak  hour 
and  afternoon  peak  hour,  with  the  development  assumed  in 
place,  was  reasonable. 
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We  have,  therefore,  directed  our  review  of  the  V/H  report  to 
these  specific  points. 

Appropriateness  of  August  Traffic  Counts 

As  a  general  rule  there  can  be  a  substantial  difference  in 
the  level  of  traffic  volume  at  a  specific  location  during  the 
summer  vacation  months  as  compared  to  the  remainder  of  the  year. 
This  variation  in  volume  is  due  to  a  number  of  reasons  including 
vacations  from  work,  schools  being  closed,  and  increased 
recreational  travel.     Each  of  these  factors  leads  to  somewhat 
conflicting  changes  in  both  the  total  volume  of  daily  traffic  and 
the  distribution  of  that  traffic  throughout  the  hours  of  the  day. 
It  is,  therefore,  reasonable  to  question  the  ability  of  an  August 
count,  or  any  analysis  that  follows  from  it,  to  represent  a 
general  condition.     In  this  particular  case,  it  is  possible  to 
compare  the  V/H  counts,  taken  on  August  13th,  14th,  and  15th, 
with  similar  type  counts  taken  by  CTPS  on  September  19th,  as  part 
of  the  Highland  Avenue/Needham  Street  corridor  study.     This  same 
general  argument  can  also  be  made  concerning  representative  days 
of  the  week,  with  Tuesday,  Wednesday,  and  Thursday  considered  the 
most  stable  days. 

Vanesse/Hangen  conducted  both  automatic  traffic  recorder 
(ATR)  counts  for  a  24-hour  period  (the  afternoon  of  Tuesday, 
August  14th,  and  the  morning  of  Wednesday,  August  15th)  and 
manual  turning  movement  counts  (TMC)  for  the  morning  peak  (August 
14th)  and  the  afternoon  peak  (Monday,  August  13th).     The  ATR 
counts  were  taken  by  direction  on  Gould  Street  just  north  of  its 
intersection  with  Highland  Avenue  and  on  Highland  Avenue  just 
east  of  Gould  Street.     The  report  contains  an  hourly  breakdown  of 
these  ATR  counts.     The  TMC  were  taken  for  all  traffic  movements 
entering  along  the  four  legs  that  comprise  the  intersection  of 
Gould  Street  with  Highland  Avenue/Hunting  Road.     The  V/H  report 
contains  only  the  results  of  these  TMC  for  the  established 
morning  peak  hour  of  demand  (7:45-8:45  am)  and  the  similar 
evening  peak  hour  (5:00-6:00  pm) .     The  results  of  these  V/H 
counts  are  compared  to  each  other  and  to  the  results  of  turning 
movement  counts  taken  by  CTPS  at  the  same  intersection  on 
Wednesday,  September  19th,   (as  part  of  the  Highland 
Avenue/Needham  Street  corridor  study)  in  the  following 
paragraphs . 

Figure  1  presents  a  comparison  of  the  V/H  morning  count 
figures  taken  manually  and  by  machine  recorder.     Due  to  limita- 
tions in  the  information  contained  in  the  report,  the  figures 
derived  from  the  manual  counts  (TMC)  are  for  the  60-minute  period 
7:45-8:45  am  while  the  figures  from  the  machine  counts   (ATR)  are 
for  the  clock  hour  8:00-9:00  am.     However,  the  conclusion  drawn 
should  not  be  significantly  affected  by  this  time  difference.  In 
all  four  cases  the  ATR  figure  of  the  pair  is  less  than  the  TMC 
figure  for  that  leg.     In  two  cases,  southbound  on  Gould  and  east- 
bound  on  Highland,  the  difference  between  the  two  count  sources 
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Figure  1 

Comparison  of  V/H  TMC  to  V/H  ATR  Counts 
for  the  Morning  Peak  Hour 
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Figure  2 

Comparison  of  CTPS  TMC  to  V/H  ATR  Counts 
for  8:00  to  9:00  AM 
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is  particularly  significant.     This  is  the  first  piece  of  evidence 
that  the  morning  of  August  14th  was  somewhat  atypical  with  traf- 
fic volumes  tending  to  the  high  side. 

Further  evidence  to  support  this  contention  is  given  by  the 
figures  shown  in  Figure  2  where  traffic  volumes  derived  from  the 
September  CTPS  TMC  are  compared  to  the  V/H  ATR  figures  for  the 
clock  hour  8:00-9:00  am.  Here,  close  agreement  is  shown  between 
the  two  figures  for  3  out  of  4  pairs  of  numbers.  Only  the  west- 
bound Highland  Avenue  figures,  which  differ  by  approximately  10 
percent,  give  any  evidence  of  being  different. 

Finally,  in  Figure  3,  a  comparison  is  made  between  the 
hourly  totals  derived  from  the  V/H  TMC  and  the  CTPS  TMC  for  the 
60-minute  period  falling  between  7:45  and  8:45  am."     For  7  out  of 
8  pairs  of  numbers,  the  CTPS  figure  is  less  than  the  correspond- 
ing V/H  figure.     In  the  eighth  case,  the  two  numbers  are  essen- 
tially the  same  value.     The  overall  conclusion  to  be  reached 
from  this  analysis  is  that,  for  whatever  the  reason,  the  morning 
of  August  14th,  when  the  V/H  TMC  were  conducted,  seems  to  have 
had  a  higher  volume  of  traffic  than  normally  occurs  during  the 
morning  peak  hour  of  demand  at  this  location. 

Figures  4  through  6  present  a  similar  type  of  analysis  for 
the  afternoon  as  that  just  presented  for  the  morning.     In  Figure 
4  the  CTPS  TMC  figures  for  the  hourly  period  from  5:00-6:00  pm 
for  September  19th  are  compared  to  the  V/H  ATR  figures  for  the 
same  hour  taken  on  August  14th.     Close  agreement  between  the 
pairs  of  numbers  from  these  two  days  is  shown  in  3  out  of  4 
cases.     Only  in  the  case  of  Highland  Avenue  eastbound,  where  the 
CTPS  figure  is  higher,  is  there  any  significant  difference  be- 
tween the  two  figures  making  up  a  pair. 

When  the  V/H  TMC  figures  are,  instead,  compared  to  these 
same  ATR  figures,  as  is  the  case  in  Figure  5,  considerably  less 
agreement  between  the  two  sources  is  shown  to  exist.     In  3  out  of 
4  cases  the  TMC  figure  of  a  pair  is  less  than  the  corresponding 
ATR  figure  and,  in  one  case,   it  is  significantly  less.     In  the 
fourth  case,  Gould  Street  southbound,  the  two  figures  are  also 
significantly  different,  but  in  the  opposite  manner  with  the 
value  of  the  TMC  figure  now  significantly  higher  than  that  of  the 
ATR  figure. 

In  Figure  6  the  V/H  TMC  figures  for  the  hourly  period  from 
5:00  to  6:00  pm  are  directly  compared  to  the  corresponding  values 
derived  from  the  CTPS  TMC.     When  volumes  entering  the  intersec- 
tion are  considered,  the  V/H  value  of  the  pair  is  less  than  the 
corresponding  CTPS  value  in  3  out  of  4  cases.     Further,  in  all 
four  cases,   including  the  one  case  (Gould  Street  southbound) 
where  the  V/H  value  is  the  larger  of  the  two  numbers,  the  magni- 
tude of  the  difference  must  be  considered  significant.     For  volu- 
mes exiting  the  intersection,  the  CTPS  figure  is  the  larger  one 
of  the  pair  in  all  four  cases.     Further,  the  difference  in  magni- 
tude in  two  of  the  cases  is  certainly  significant. 
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Figure  3 

Comparison  of  V/H  TMC  to  CTPS  TMC 
for  7:45  to  8:45  AM 
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Figure  4 


Comparison  of  CTPS  TMC  to  V/H  ATR 
for  5:00  to  6:00  PM 
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Figure  5 
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Comparison  of  V/H  TMC  to  V/H  ATR 
for  5:00  to  6:00  PM 
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Figure  6 

Comparison  of  V/H  TMC  to  CTPS  TMC 
for  5:00  to  6:00  PM 
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In  summary,   the  case  seems  amply  made  that  traffic  flow 
through  the  intersection  of  Gould  Street  with  Highland  Avenue/ 
Hunting  Road  on  Monday  afternoon,  August  13th ,  and  Tuesday 
morning,  August  14th,  was  significantly  different  than  it  may  be 
on  more  "typical"  days  of  the  year.     This  atypical  situation  lead 
to  an  afternoon  result  that  showed  generally  less  traffic  volume 
than  normal  and  a  morning  case  that  showed  generally  more  volume. 
This  is  not  intuitively  what  would  be  expected.     Further,  the 
CTPS  counts  taken  on  Wednesday,  September  19th,  showed  the  more 
expected  results,  i.e.,  the  afternoon  peak  hour  more  heavily 
loaded  than  the  morning  peak  hour. 

The  V/H  TMC  results  may  perhaps  be  reflective  of  people 
creating  summer  long-weekends  that  lead  to  reduced  peak-hour  tra- 
vel on  the  Monday  of  the  week  followed  by  increased  travel  on 
Tuesday  as  people  return  to  a  more  regular  schedule  and  attempt 
to  catch  up  on  unaccomplished  tasks.     For  whatever  the  reason 
this  occurred,  the  results  do  speak  for  themselves. 

Appropriateness  of  the  Trip  Generation  Rate 

The  Institute  of  Transportation  Engineer's  Informational 
Report  entitled,  Trip  Generation,  acts  as  a  "bible"  for  the  traf- 
fic engineering  profession.     Therefore,   its  selection  as  the 
source  document  by  V/H  is  certainly  appropriate.     As  for  the 
selection  of  Land  Use  Code  712,  General  Office/gross  floor  area 
between  100,000  and  199,999  square  feet,  as  the  appropriate  use 
code,  it  also  seems  quite  appropriate  for  a  proposed  office 
structure  of  170,000  gross  square  feet,   if  the  specific  use,  or 
mix  of  office  uses  in  a  mixed  use  structure,  is  not  known.  Given 
that,  the  selection  of  a  trip  generation  rate  of  14.3  vehicular 
trip  ends  per  1000  square  feet,  leading  to  an  estimate  of  2,430 
daily  vehicle  trip  ends  generated  at  the  site  by  the  proposed 
development,   represents  an  "average  condition"  for  a  general 
office  structure  of  the  proposed  magnitude.     The  use  of  an 
"average  rate"  figure  would  also  appear  appropriate  for  this  ana- 
lysis, given  that  little  in  the  way  of  specifics  appears  to  be 
known  about  the  tenants  of  the  site.     However,  since  the  ITE 
report  provides  maximum  and  minimum  observed  rates  as  well  as  the 
average  rate,  it  would  be  wise  as  well  to  provide  a  "worst  case" 
situation  based  upon  the  maximum  rate  figure.     In  this  case  the 
rate  would  be  23.6  vehicle  trip  ends  per  1,000  square  feet  of 
gross  floor  area,  or  4,012  vehicle  trip  ends  associated  with  the 
site  on  a  daily  basis.     In  this  way  both  the  higher  "worst  case" 
and  the  much  more  likely  "average  case"  of  potential  trip  genera- 
tion impact  would  consciencely  be  recognized  and  explicitly  con- 
sidered . 

The  morning  peak  hour  and  evening  peak  hour  trip  generation 
rates  used  by  V/H  are  not  explicitly  identified  in  their  report. 
However,  based  upon  the  vehicle  trip  figures  estimated  to  enter 
and  to  exit  the  site  during  these  two  hours,  the  average  total 
(nondirectional)   trip  rate  for  Code  712  from  the  ITE  report  must 
have  been  used,  i.e.,  2.00  vehicle  trips  and  2.03  vehicle  trips 
for  the  morning  and  afternoon  peak  hour,  respectively.     This  com- 
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bined  value  must  have  then  been  split  into  entering  and  exiting 
trip  components  based  upon  percentages  derived  from  the  average 
entering  and  exiting  trip  rates  provided  in  the  ITE  report. 

Again  the  estimation  of  an  "average  condition"  for  the 
morning  and  afternoon  peak  hours,  based  upon  average  trip  genera- 
tion factors,  seems  reasonable.     However,  the  same  argument  can 
again  be  made  for  a  conscience  examination  of  a  "worst  case"  peak 
hour  scenario  as  well. 

Appropriateness  of  the  Trip  Distribution/Assignment  Procedure 

The  distribution/assignment  procedure  for  trips  approaching 
or  leaving  the  proposed  development  site  can  be  thought  of  as 
composed  of  two  components.     The  first  of  these  components  is  the 
proportion  (amount)  of  traffic  that  will  enter/exit  the  site 
along  Gould  Street  from  the  north  versus  from  the  south.  The 
second  component  is  then  the  split  of  northern-oriented  trips  to 
eastbound  and  westbound  along  Central  Avenue  and  southern- 
oriented  trips  to  eastbound  and  westbound  along  Highland  Avenue 
and  further  northbound/southbound  along  Hunting  Road.  ( 

The  V/H  report  states  that  65  percent  of  site-introduced 
traffic  will  come  from/go  to  the  south  and  the  remaining  35  to/ 
from  the  north.     While  the  derivation  of  these  figures  is  not 
presented  within  the  report,  the  percentages  are  consistent  with 
the  split  of  traffic  shown  as  travelling  northbound  and  south- 
bound on  Gould  Street  at  the  proposed  site  in  the  No-Build  Case. 
The  split  is  also  intuitively  appealing  as  the  southern  approach 
contains  the  influence  of  Route  128  via  Interchange  #56  at 
Highland  Avenue  and  Interchange  #57  at  Great  Plain  Avenue. 

The  manner  in  which  site-introduced  traffic  is  assigned  to 
roadways  leading  to  or  from  Gould  Street  is  somewhat  more 
complex.     The  northern-oriented  traffic  —  traffic  which  passes 
through  the  intersections  of  Gould  Street  with  Noanett  Street  and 
Gould  Street  with  Central  Avenue  —  appears  to  be  assigned 
approximately  in  proportion  to  existing  traffic  flows  at  these 
intersections.     Traffic  bound  to  the  site  enters  along  both 
Noanett  Street  and  from  eastbound  and  westbound  on  Central 
Avenue.     (There  appears  to  be  an  error  in  Figure  4,  where  39.  not 
29  site-introduced  trips  turn  left  to  Gould  Street  from  Central 
Avenue  westbound.)     Traffic  bound  from  the  site,  however,  is 
assumed  to  exit  along  only  Gould  Street  to  Central  Avenue,  where 
it  splits  eastbound  and  westbound.     This  assignment  does  not 
appear  consistent  with  the  V/H  finding  (pages  40-42,  Cut-Through 
Traffic)  that  some  evening  traffic  entering  Noanett  Street  from 
Gould  Street  did  pass  through  the  Noanett  Street/Central  Avenue 
intersection,  but  that  none  travelled  in  the  opposite  direction 
from  Central  Avenue  to  Gould  street  via  Noanett  Street. 

,:C 

The  derivation  of  the  routing  of  southern-oriented  traffic  — 
traffic  which  passes  through  the  intersection  of  Gould  Street 


C 
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with  Highland  Avenue  and  Hunting  Road  —  is  rather  more 
mysterious.     This  traffic  is  not  assigned  to  turning  movements  at 
Highland  Avenue  in  any  direct  relationship  to  existing  turning 
movements  as  is  implied  in  the  V/H  report. 

In  a  supplemental  memorandum  to  Russell  Burke  (Needham 
Planning  Director)  dated  December  12,  1984,  V/H  states  that: 

Trips  at  this  intersection  (Highland  Avenue  at  Gould  Street/ 
Hunting  Road)  were  distributed/assigned  based  on  PM  Peak 
Hour  intersection  approach  volumes  for  Highland  Avenue  EB 
(27%),  Highland  Avenue  WB  (62%),  and  Hunting  Road  (11%). 

The  reason  for  selecting  this  distribution  was  further  stated  to 


It  was  felt  that  the  evening  peak  hour  percentages  accura- 
tely account  for  the  presence  of  Route  128/1-95  and  best 
represents  the  anticipated  employee  distribution  of  site 
generated  traffic. 

This  decision  meant  that  percentages  derived  from  traffic  volumes 
observed  during  the  evening  peak  hour,  traffic  comprised  prin- 
cipally of  people  making  the  return-home  portion  of  a  trip,  were 
used  to  represent  (model)  both  morning  and  evening  conditions. 
More  importantly,  the  site  introduced  traffic  being  modelled  is 
approaching  the  work  site  not  the  home  site  as  occurs  at  this 
location  in  the  evening.     Even  beyond  this  fact,  while  the  total 
leg  volumes  approaching  one  leg  of  an  intersection  on  the  other 
legs  of  that  intersection  may  serve  as  surrogates  for  the  turning 
volumes  from  these  other  legs  that  act  as  the  true  sources  of 
exiting  volume  on  that  one  leg,  if  and  when  these  turning  volumes 
are  not  known,  this  is  not  the  present  case.     The  appropriate 
turning  movements  are  known  for  both  the  morning  and  the  after- 
noon peak  hours.     In  a  percentage  form,  they  could  have  been 
directly  put  to  use.     Finally,  and  perhaps  most  importantly,  the 
area  in  which  the  proposed  site  is  located  already  contains 
significant  employment  attractions.     The  area  along  Gould  Street, 
consistent  with  an  employment  center,  imports  trips  in  the 
morning  and  exports  trips  in  the  afternoon.     (While  this  fact  is 
in  conflict  with  the  statement  on  page  15,  Traffic  Volumes,  that 
"directional  split  of  peak  hour  traffic  on  Gould  Street  is  65 
percent  southbound  in  the  morning  and  67  percent  northbound  in 
the  evening"   [underlining  added  for  emphasis],  it  is  consistent 
with  the  directionality  shown  in  both  the  V/H  and  CTPS  counts.) 
Therefore,  in  fact,  there  was  no  need  to  modify  the  existing  tra- 
vel pattern,  as  might  have  been  the  case  if  a  totally  new  land- 
use  was  being  introduced  into  the  area. 

Due  to  the  series  of  questions  raised  above,  CTPS  prepared 
an  alternative  distribution/assignment  of  southern  oriented  site- 
introduced  traffic  as  it  approached/departed  the  site.  This 
alternative  distribution/assignment  is  based  directly  upon  the 
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Table  1 


Comparison  of  Turning  Percentages  Derived  from  V/H  and  CTPS  Counts 

To  Gould  Street 


r 


Left  from  Highland  EB 
Straight  from  Hunting  NB 
Right  from  Highland  WB 


AM  (7:45-8:45) 


V/H 

8 
48 
44 


CTPS 
11 
45 
44 


PM  (5:00-6:00) 


V/H 
16 
24 
60 


CTPS 
8 
30 
62 


From  Gould  Street 


Right  to  Highland  WB 
Straight  to  Hunting  SB 
Left  to  Highland  EB 


AM  (7:45-8:45) 


V/H 

8 
29 
63 


CTPS 
9 
20 
71 


PM  (5:00-6:00) 
CTPS 
9 
48 
43 


C 


Table  2 


Turning  Percentages  Used  for  Site-Introduced  Traffic  by  V/H 

To  Gould  Street 


C 


Left  from  Highland  EB 
Straight  from  Hunting  NB 
Right  from  Highland  WB 


AM 
26 
11 
63 


PM 
26 
11 
63 


From  Gould  Street 


Right  to  Highland  WB 
Straight  to  Hunting  SB 
Left  to  Highland  EB 


AM 
25 
12 
63 


PM 
26 
11 
63 
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turning  percentages  inherently  contained  in  our  September  turning 
movement  counts  at  the  Gould  Street/Highland  Avenue/Hunting  Road 
intersection.     These  turning  movement  percentages,  together  with 
corresponding  ones  from  the  V/H  August  counts,  are  presented  in 
Table  1.     As  can  be  easily  seen,  there  is  very  little  to  choose 
from  between  these  two  sets  of  percentages,  but  both  sets  are 
significantly  different  from  those  percentages,  shown  in  Table  2, 
that  were  used  by  V/H. 

The  distribution  of  southern-oriented  traffic  though  the 
Gould  Street  intersection  with  Highland  Avenue  and  Hunting  Road 
under  both  the  V/H  and  CTPS  assumptions  is  presented  in  Table  3. 
While  all  movements  differ  in  magnitude,  the  major  variation  bet- 
ween the  V/H  and  the  CTPS  distribution/assignment  of  trips  is  in 
the  interchanges  to  and  from  Hunting  Road.     In  all  cases  this  is 
the  least  significant  V/H  movement.     In  contrast,  the  CTPS 
assignment  shows  this  movement  as  the  most  significant  of  the 
three  from  Gould  Street  in  the  afternoon  and  the  second  most 
significant  movement  in  all  other  cases. 

Table  3 

Distribution/Assignment  of  Southern-oriented 
Site-Introduced  Traffic 
V/H  versus  CTPS 


To  Gould  Street 


AM  PM 


V/H 

CTPS 

V/H 

CTPS 

Left  from  Highland  EB 

52 

28 

12 

4 

Straight  from  Hunting  NB 

21 

78 

5 

14 

Right  from  Highland  WB 

125 

92 

29 

28 

Total 

198 

198 

46 

46 

From  Gould 

Street 

AM 

PM 

V/H 

CTPS 

V/H 

CTPS 

Right  to  Highland  WB 

6 

2 

47 

16 

Straight  to  Hunting  SB 

3 

5 

19 

86 

Left  to  Highland  EB 

15 

17 

113 

77 

Total 

24 

24 

179 

179 

In  summary,  while  the  north/south  split  (35/65)  of  site- 
intorduced  traffic  made  by  V/H  seems  appropriate,  the  assignment 
of  that  traffic  as  it  leaves  Gould  Street,  particularly  at  the 
southern  end,  does  not  seem  reasonable.     For  this  reason,  CTPS 
has  chosen  to  continue  by  using  both  our  own  and  the  V/H  assign- 
ment of  site-introduced  traffic  through  the  Gould  Street/Highland 
Avenue/Hunting  Road  intersection  in  the  level  of  service  (LOS) 
analysis  portion  of  this  critique. 
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Appropriateness  of  the  Level  of  Service  Conclusions 

The  V/H  report  indicates  that  the  intersection  level  of  ser- 
vice analysis  for  signalized  intersections,  such  as  Gould  Street 
at  Highland  Avenue/Hunting  Road,  was  carried  out  using  the 
Planning  application  of  Critical  Movement  Analysis  as  defined  in 
TRB  Circular  Number  212.     As  stated  in  Circular  #212,  the 
Planning  application  of  Critical  Movement  Analysis  is  based  on 
average  or  better  conditions  of  geometry  and  traffic.     As  such, 
the  planning  application  provides  quick  and  more  simplified  solu- 
tions.    Circular  #212  also  provides  a  second  methodology  for  con- 
ducting Critical  Movement  Analysis  that  is  entitled  Operations 
and  Design.     Again  paraphasing  Circular  #212,  the  Operations  and 
Design  application  of  Critical  Movement  Analysis  allows  for  spe- 
cific adjustments  to  be  made  for  traffic  and  roadway  conditions. 
As  such,  the  Operations  and  Design  application  provides  for  more 
complex  and  detailed  solutions  than  does  the  Planning  applica- 
tion . 

Because  conditions  are  explicitly  considered  in  the 
Operations  and  Design  methodology  that  are  only  implicitly  con- 
sidered in  the  Planning  methodology,  it  is  the  judgment  of  CTPS 
that  Operations  and  Design  is  the  more  appropriate  of  the  two 
methodologies,  if  and  when  all  the  required  data  inputs  for  an 
Operations  and  Design  application  are  available.     As  this  is  the 
case,  the  level  of  service  analysis  conducted  by  CTPS  employed 
that  methodology.     In  order  to  make  our  results  directly  com- 
parable with  those  of  V/H,  we  also  repeated  the  V/H  analysis 
employing  the  Operations  and  Design  approach.     Worksheets  pro- 
duced from  our  computerized  application  of  this  methodology  are 
contained  in  Appendix  A. 

In  order  to  establish  benchmark  conditions,  the  V/H  August 
turning  movement  volumes  and  the  CTPS  September  turning  movement 
volumes  were  used  to  estimate  a  level  of  service  for  the  Gould 
Street/Highland  Avenue/Hunting  Road  intersection  under  those 
demand  levels.     The  results  of  these  analyses  for  the  morning  and 
afternoon  peak  hours  of  demand  are  shown  in  the  upper  portion  of 
Table  4.     As  can  be  quickly  seen,  the  intersection  analysis  based 
upon  the  V/H  and  CTPS  turning  movement  counts  produces  different 
levels  of  service  for  the  morning  and  the  afternoon.     Beyond  this 
difference  is  the  fact  that  the  analysis  based  upon  the  V/H 
counts  shows  the  morning  to  be  more  critical  than  the  afternoon 
while  the  analysis  based  upon  the  CTPS  counts  shows  just  the 
opposite.     However,  in  neither  case  does  the  intersection  •fail" 
as  was  the  case  reported  by  V/H  for  the  morning  using  the 
Planning  methodology. 

In  the  lower  portion  of  Table  4,  the  LOS  results  for  four 
combinations  of  turning  movement  counts   (expanded  from  1984  to 
1985)  and  assumed  site-introduced  traffic  distributions  are  pre- 
sented.    When  the  factored  V/H  turning  movement  counts  are  used 
to  model  background  traffic,  the  morning  is,  as  might  be 
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Table  4 


Level  of  Service  Analysis 
Intersection  of  Gould  Street  with  Highland  Avenue  and  Hunting  Road 

Operations  and  Design  Methodology 


Morning 

Afternoon 

Peak 

Hour 

Peak 

Hour 

Scenario  N 

LOS 

V/C 

LOS 

V/C 

V/H,  August  1984 

E 

0.89 

C 

0.73 

CTPS,  September  1984 

C 

0.69 

D 

0.82 

V/H  Counts/V/H  Trip  Dist 

E 

0.94 

D 

0.83 

V/H  Counts/CTPS  Trip  Dist 

E 

0.93 

*  D 

0.85 

CTPS  Counts/V/H  Trip  Dist 

D 

0.79 

E 

0.91 

CTPS  Counts/CTPS  Trip  Dist 

D 

0.79 

E 

0.91 

expected,  the  more  critical.     However,  the  intersection  still 
does  not  "fail*'  when  either  the  V/H-assumed  or  CTPS-assumed 
distribution  of  site-introduced  traffic  is  superimposed  on  that 
background  traffic.    When  the  factored  CTPS  turning  movement 
volumes  are  instead  used  to  represent  background  traffic,  the 
afternoon,  expectedly,  becomes  the  more  critical  time.  However, 
here  again  the  intersection  does  not  "fail"  when  either  the 
V/H-assumed  or  CTPS-assumed  distribution  of  site-introduced  traf- 
fic is  superimposed. 

Overall  Assessment  of  the  Conclusions  of  the  Site  Impact  Analysis 

Questions  concerning  several  areas  of  the  V/H  analysis  have 
been  raised  during  our  review.     Among  these  are: 

o  the  selection  of  a  Monday  afternoon/Tuesday  morning  in 
August  as  appropriate  for  conducting  a  survey  of  existing 
traffic  for  establishing  background  traffic  levels; 

o  the  method  used  to  distribute/assign  southern-oriented 
traffic  at  the  intersection  of  Gould  Street  with  Highland 
Avenue/Hunting  Road;  and 

o  the  use  of  the  TRB  Circular  #212  Planning  methodology 
instead  of  the  Operations  and  Design  methodology  for  con- 
ducting the  level  of  service  (LOS)  analysis. 

We  feel  that  each  of  these  areas  is  deserving  of  constructive  cri- 
ticism.    However,  the  bottom  line,  based  upon  both  the  V/H  inputs 
and  our  own  inputs,  is  that  the  most  critical  intersection,  Gould 
Street  at  Highland  Avenue/Hunting  Road,  while  heavily  loaded, 
will  continue  to  operate  satisfactorily,  i.e.,  will  not  fail, 
despite  the  introduction  of  the  additional  site-generated  traffic 
associated  with  the  proposed  160  Gould  Street  development. 
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Level  of  Service  (LOS)  Analysis  Worksheets 

Prepared  by  CTPS 
Using 

Operations  and  Design  Methodology 
(TRB  Circular  Number  212) 
for 


o  AM  8/84  V/H  TMC 
o  PM  8/84  V/H  TMC 
o  AM  9/84   (CTPS  TMC) 
o  PM  9/84   (CTPS  TMC) 
o  AM  V/H  TMC,  V/H  Distribution 
o  PM  V/H  TMC,  V/H  Distribution 
o  AM  V/H  TMC,  CTPS  Distribution 
o  PM  V/H  TMC,  CTPS  Distribution 
o  AM  CTPS  TMC,  V/H  Distribution 
o  PM  CTPS  TMC,  V/H  Distribution 
o  AM  CTPS  TMC,  CTPS  Distribution 
o  PM  CTPS  TMC,  CTPS  Distribution 
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»r1  V/H  TMC 


SThF  ONL  UUTPU1 
NAME 

*  I  HKU  LANfcS 

*LT  LANfcS 
^VE  WIDTH 
ij^KT  LANfcS 
AVb  WIO'IH 


1  2 
Hi  on!  and  Ave.    Hiohldind  Ave. 


12 
1 

10 

o 

(j 


12 
1 

10 

0 

o 


b ou id  St. 

1  1 

0 
0 

o 

0 


Hunt  a  no 


a 

0 

o 

0 


STEP  TWU  OUTPUT 


m-T  VUL 

THRU  VOL 
NT  VOL 
C,ED  VOL 
TRUCK  ;'. 
BUS  STOP 
♦ 

STEP  FOUR  OUTPUT 

CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
m/Z  ■ 
OP  VOL 

LT  CAP  ON  BR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 
« 

STEP  SIX  OUTPUT 


LT  VOL 
•HRU  VUL 

ftT  VOL 

STEP  SEVEN  OUTPUT 


DP  VUL 
*Ct  LTU 

PCE  LTP 
CCE  RT 


£■'2 
•  1 

SI 


8 
0 

3 .  0 

O 


85 
42 
85 
.  68 
993 
0 
85 


0 .  90 
60 
1 090 
.  9 


->483 


1 

993 
4.  00 
1 .  05 
1 .  00 

UNPRQTECT  LT 
238 
1099 
1624 
1  152 
899 
426 


350 
692 
30 1 
O 

4.4 

0 


85 
42 
85 

.  68 

960 
0 
85 

350 

f 


294 
134 


0 .  90 
406 
803 
349 


960 
4 .  00 
1 .  05 
1 .00 

PROTECT  LT 
62 
1099 
426 
1 152 
621 
438 


0 


0 


85 
.  31 

327 
45 
130 
294 
+ 


0 .  90 
347 
158 
46 


327 
2.  00 
1 .  20 
1 .  00 


4 
51 

TO -7 
'_>  A.  / 

0 

0 

1.5 

0 


85 
42 
85 
.  31 
173 
199 
2b4 
51 

t 


4 

0.  90 
58 

369 
O 


4 

173 
1.00 
1 .  20 
1 .  00 


•TEP  EIGHT  AND  NINE  A  OUTPUT 
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UNPRQTEGT   LT  PROTECT  LI" 

238  62 


57  7 


5;1  1624  426 

A2  60w  60S 

472  326 

246  255 

S  TEN  ULH  PUT 

POSSIBLE  PHrtb'ES  APPROACHES   1   &  2 
1624  1 —one  chase  onlv 

1031  2-two  Dhase.one  le-ft  protected.  nG  overlap 

IO03  3- two  phases, one  left  protected , over  1 ao 

1031  4— two  phases.  Doth  le-fts  protectea.no  overlap 

1003  5-three  phases,  both  le-fts  protected  ,  over  1  ap 

1094  6-tnre'e  phases ,  1  ead/1  ag ,  no  overlap 

2201  7-three  phases. lead/lag, over  lap 

11S2  8-two  phases .  di  recti  onal  split. 

POSSIBLE  PHASES  APPROACHES  3  ?<  4 

472  1-one  phase  onlv 

579  6-two  phases. directional  split 


i  1S<2 

Phasing  38<4 

v/c 

SUM  CV 

Capacity 

LI 

.j> 

1* 

0.  86 

1475 

1720 

D 

2 

1* 

0 .  87 

1503 

1720 

D 

4 

1* 

0.  87 

1503 

1720 

D 

5 

1* 

0 .  89 

1475 

1650 

E 

6 

1* 

0.  95 

1565 

1650 

E 

5 

8 

0 .  96 

1582 

1650 

E 

3 

8 

0.  96 

1582 

1650 

E 

8 

1* 

0 .  96 

1653 

1 720 

jr 

2 

S 

0.  98 

1610 

1650 

E 

4 

a 

0.  98 

1610 

1 650 

E 

6 

8 

1.01 

1672 

1650 

F 

8 

8 

1 .  07 

1760 

1650 

F 

1* 

1* 

1.16 

2096  . 

1 800 

F 

t* 

8 

1.28 

2203 

1720 

F 

7 

1* 

1.  62 

2673 

1650 

F 

7 

8 

1.68 

2780 

1 650 

F 

ohasino 

may  be  inaoproor i ate 

due  to  le-ft  turn 

restr i  ctions 

*  ihis 

see  STEP  FOUR  OUTPUT  above 


F-42 


JIF-CULAR  212  WOKKbHtET:  b  lGNAl_l  7.tD  INTERSECTION  -  OPfcKAT  IONS  &  DESIGN 
-•1  B/84     V/H  TMC 


$TEP  ONL  UUTPU1 


IMAMS 

« T  HKU  LANES 
AVG  WIDTH 
LANfcS 
W 1 DTH 
LANES 
WIDTH 


Highland  Ave.   Hiahland  Ave. 


*LT 

«ve 

*RT 
AVG 


STEP  TWO  OUTPUT 
9 


LT  VOL 
THRU  VOL 
RT  VOL 
I  PED  VOL 
fRUCK  •/. 
BUS  STOP 

STEP  FOUR  OUTPUT 

CYCLE (sees) 
3h«NG£  INT 
LT  OAP  ON  CI 
G/C 
OP  VOL 

LT  CAP  ON  BR 
LT  TOT  CAP 
?T  VOL 

PASS  CHK 

STEP  SIX  OUTPUT 

L  f  VOL 
THRU  VUL 
ST  VOL 

STEP  SEVEN  OUTPUT 

□P  VOL 
-CE  LTU 
PCE  LTP 
-•CE  RT 


1 

10 

0 

O 


1 
51 
512 
40 

0 

2.  1 

O 


85 
42 
85 
.  56 
1 088 
0 
85 
51 


1 

0 . 90 
'  58 
581 
45 


10S8 
6 .  00 
1 .  OS 
1 .  00 


9 

B2 
Al 


UNPRU1ECT  LT 
34  7 
626 
740 
1234 
942 
142 


12 
1 

10 
0 
0 


326 
899 
189 
O 

2.  1 

O 


85 
42 
85 
.56 

ceo 

120 
205 
326 


0 .  90 
370 

1020 
214 


2.  OU 
1  .  05 
1 .00 

PROTECT  LT 
61 
626 
388 
1234 
1028 
120 


Gould  St. 


0 
0 
0 
0 


379 
385 
74 

0 

1 .  2 

0 


42 
85 
.43 
76 
440 
52^ 
379 
t 


0 .  90 
426 

433 


1 .  oo 

1  .  20 
1 .  00 


Hunting  Rc; . 

8 

0 
0 

o 

0 


4 

76 

0 
0 

1 .  5 

0 


85 
42 
85 
.43 
459 
57 
142 


4 

0.  90 
28 
86 
0 


4  5 
2 .  OO 
1 .  20 
1 .  OO 


SEP  EIGHT   AND  NINE  A  OUTPUT 


UNPKOIECf  LF 

HKOlfcCr  l_T 

A  1 

-'•JO 

5: 1 

■ 

740 

388 

A2 

64S 

64S 

A95 

539 

A4B3 

82 

69 

Si'hP  TEN 

ULTPU1 

r Ubb I bLL 

r HAbbb 

APPROACHES  1  ?c 

/4U 

A 

1  - 

one  Dhase  onlv 

1  U  «?o 

•two  Dhase.  one 

le-ft  orotected.no  overlap 

77c 

*  w" 

two  phases. one 

le+t  pr ot ected , over  1 ao 

1036 

4- 

•two  phases.  Dot 

h  le-fts 

protected. no  overlap 

717 

5- 

three  phases, both   lefts  protect sa . over  1  as 

1097 

6-three  phases .  1  ead/1  ag  . 

no  overlap 

1 087 

/ 

three  phases, 1 

ead/1 aa , 

over 1 ao 

977 

e- 

•two  phases . di recta onal 

split 

USb  1  BLE 

PHASES 

APPROACHES  3  S< 

4 

495 

1- 

•one  phase  onlv 

6  O0 

B- 

two  phases , di rect 1 onal 

spl  i  t 

Phasing   1?<2       Phasing  3«<4 


v/c 


sun  cv 


Capaci  tv 


LOb 


1* 

1 

0.  69 

1234 

1800 

C 

3 

1 

0 .  72 

1230 

1 720 

C 

c. 

1 

0.  73 

1212 

1 650 

c 

1* 

B 

0.  78 

1348 

1  720 

D 

5 

8 

0.  80 

1326 

1650 

D 

3 

B 

0.81 

1344 

1 650 

0 

8 

1 

0.  86 

1471 

1720 

D 

2 

1 

0 .  89 

1531 

1 720 

E 

4 

1 

0.  89 

1531 

1720 

E 

7 

1 

0.96 

1581 

1 650 

E 

8 

8 

0.  96 

1585 

1 650 

E 

6 

1 

0 .  96 

1592 

1650 

E 

2 

8 

1 .  00 

1645  . 

1650 

E 

4 

8 

1 .  00 

1645 

1650 

E 

7 

8 

1 .  03 

1695 

lb50 

P 

6 

8 

1 . 03 

1706 

1650 

F 

phasing  may  be  inappropriate  due  to 

le+t  turn 

restr  i  ct 1 ons 

STEP  FOUR 

OUTPUT 

above 

F-44 


CIRCULAR  212  WORKSHEET :  SIGNALIZED  INTERSECTION  -  OPERATIONS  &  DESIGN 
AH  WS4     AbbUME  LLIM1NA1  ION  OK  HUNT  1  Nb  RD  RIGHT   TUHN  EFFECTS 


ONE  DUTPU" 


1 


4 


N^riE  Hionlanc!  Avs.   Highland  Ave.  boul  d  bt .        Huntina  Kd. 

e  l  HRO  LrANbb  2  2  2  2 

AVb  WIDTH  12  12  11  B 

- 1_  i    LANES  1  1  0  0 

AVC-  WIDTH  10  10  0  0 

*R7    LANES  O  0  0  0 

AVS  WIDTH  0  0  0  0 

.  zThF  TWO  OUTPUT 


^LT  VOL  100 

THRU  VOL  855 

RT  VOL  29 

f'ED  VOL  5 

TRUCK  a  3.3 

I  m  eus  stop  o 

STEP  POOR  OOTPOT 

CYCLE (sees)  85 

CHANGE    INT  42 

I  %LT  CAP  ON  CI  85 

G/C  .72 

OP  VOL  843 

LT  CAP  ON  GR  21 

LT  TOT  CAP  106 

LT  VOL  100 

,  ^PASS  CHK  t 

STEP  SIX  OUTPUT 

1 

PHF  0 .  92 

-LT  VOL  112 

THRU  VOL  960 

RT  VOL  33 


2  3  4 

318     *  222  "  67 

517  67  275 

326  27  0 

5  5  5 

4.4  6.3  1.5 

O  0  0 

85  85  85 

42  42  42 

85  85  85 

.72  .27  .27 

884  275  94 

0  49  230 

85  134  315 

318  222  6  7 

f  f  t 

2  3  4 

0 . 87  0 . 93  0.91 

382  254  75 

620  77  30  7 

391  31  0 


STEP  SEVEN  OOTPOT 

.OP  VOL 
-■Jfc  LTU 
PCE  LTP 
*CE  RT 


i 

843 
4 .  00 
1 .  05 
1 .  00 


884 
4 .  00 
1 .  05 
1 .  00 


1 .  00 
1 .  20 
1 .  00 


4 
94 
1 .  00 
1 .  20 
1 .  00 


UNPROTECT  LT         PROTECT  LT 

^r:2  449  118 

Al  993  993 

bl  1526  401 

A2  1012  1012 

A3b4  361  412 

<^b'3  381  396 

r1t£P  E1GH1  «ND  N I  Nb   A  OUTPUT 


HMPRHTCPT    I    T  ppriTPHI     '  I" 


UNPKUTbCT  LT 


PROTEC'l  LI" 


5:v 

449 

lib 

n  a. 

vJ  -fc-  1 

1 

51 

1526 

401 

A2 

531 

531 

$3B4 

190 

216 

A4B3 

220 

STEP  TEN 

UU1PU1 

POSSIBLE 

phases 

APPROACHES   1   &  2 

1526 

i  - 

one  onase  onlv 

T>  — 

•two  Dnase.one  left 

orotected.no  over lac 

"~ 

two  phases . one  le+t  protected . over  1 ao 

932 

U- 

■two  phases. Both  lefts 

protectea.no  overlap 

three  Dhases.both 

le+t 

s  pr otect ea , over  1 ao 

i  obo 

©- 

tnrse  phases , I  sad/ 

1  ag , 

no  over 1 ap 

204b 

7- 

three  phases, lead/lag, 

over  1 ao 

1 0S2 

8- 

•two  phases , da  recti  anal 

so  1  i  t 

POSSIBLE 

PHASEB 

APPROACHES  3  ?<  4 

220 

l- 

■one  phase  onlv 

8- 

two  phases . di rect i onal 

spl  i  t 

1&2 

Phasing  3&4 

v/c 

SUM  CV 

Capaci  t v 

LOS 

3 

1* 

0.  66 

1  142 

1720 

B 

2 

1* 

0 .  67 

1 152 

1 720 

B 

4 

1* 

0.  67 

1152 

1720 

B 

S." 

1* 

0.  69 

1  142 

1  650 

C 

8 

1* 

0.  74 

1272 

1720 

C 

6 

1* 

0 .  77 

1270 

1650 

C 

5 

8 

0 . 83 

1367 

1650 

D 

-T 
•_' 

8 

0 .  83 

1367 

1650 

D 

4 

8 

0.83 

1377 

1650 

D 

8 

0 . 83 

1377 

1 650 

D 

6 

8 

0.  91 

1495 

1650 

E 

8 

8 

0 .  9 1 

1497 

1 650 

E 

1* 

1* 

0.  97 

174/; 

1800 

u 

1* 

8 

1  .  15 

1972 

'  1 720 

F 

7 

1* 

1.37 

2268 

1650 

F 

7 

8 

1.51 

2493 

1 650 

F 

*   This  ohasina  mav  be  inappropriate  due 

see  STEP  FOUR  OUTPUT  above 


to  left  turn  restrictions 


Identify  Lane  Geometry 


Identify  Volumes,  in  vph 


XSSra 


Assign  Lane  Volumes, 
in  vph 

~nr~ 


1 1, ; 


34  3---1-S.-*__rf£ 


F-46 


r'  ^  C 1 RCULAR  2 1 2  WORKSHEET :    S I  GNAL  I  ZED   I NTERSECT I  ON 


-  OPERA T  IONS  &  DESIGN' 


PM  9/84     ASbUMfc  ELIMINATION  OF  HUNT  I  Nb  RD  RIGHT  TURN  EFFECTS 


STEP  ONE  OUTPUT 


NAME 

KTHNU  lanes 
AV6"  WIDTH 
LANES 
WIDTH 
LANtS 
WIDTH 


ALT 
'  *  AVIS 

a  kT 
A  Via 


Hi  anl and 


1 

Ave. 

12 
1 

10 

0 
0 


Hi gn land  Ave. 

12 
1 

10 

0 

o 


Gould  St. 

1 1 

o 
o 

0 


Hunt i no  Ha. 

e 
u 
o 
o 

0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VUL 
PED  VOL 
TRUCK  "/. 
BUS  STOP 


1 

37 
723 
62 
5 

2.  1 

O 


400 
1072 
236 
5 

2.  1 

0 


317 
354 
67 
5 

1 .  2 

0 


4 

27 
114 
0 
5 

1.5 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 
PASS  CHK 


85 
42 
S5 
.63 
1308 
0 
85 
37 


85 
42 
85 
.63 
785 
0 
85 
400 


85 
42 
85 
.  36 
114 
3113 
403 
317 
t 


85 
42 
85 
.  36 
421 
1  1 
96 
27 


STEP  SIX  OUTPUT 


KHF 

'LT  VOL 
THRU  VOL 
RT  VUL 


1 

0 .  90 
42 
G2U 
70 


0.95 
430 
1 152 


0 .  90 
356 
39B 
75 


4 

0.84 

138 
0 


STEP  SEVEN  OUTPUT 

*GP  VOL 

PCE  LTU 
PCS  LIP 
C,CE  RT 


1 

1308 
6 .  00 
1  .  05 
1 .  00 


4.  OU 
1 .  05 
1 .  00 


114 
1 .  00 
1 .  20 

i .  oo 


4 

421 
2 .  00 
1 .  20 
1 .  00 


r-ll 

A  2 

A3b4 

A4B3 


UNPRQTECT  LT 

891 
1720 
1406 

830 
203 


PROTECT  LT 
44 
891 
451 
1406 
901 
177 


STEP  EIGHT    «NL>  NINE  A  OUTPUT 


B2 

Al 

Bl 

A2 

A3B4 

A4B3 


_  UNPROTECr  LT 
252 
468 
1720 
738 
436 
117 


PRO  rtcx  l_T 
44 
468 
451 
738 
473 
102 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1   &  2 


1720 
1  1 89 

91V 
1  189 

919 
1233 
2187 
1206 


1-  ons  phase  only 

2-  two  Dhase.one  left  oratected.no  overlao 

3-  two  ohases.one  left  protectsd, overlap 

4-  two  phases . both  lefts  protected, no  overlap 

5-  three  ohases.both  lefts  protected , over  1 ao 

6-  three  phases. 1 ead/1 ag , no  overlap 

7-  three  pnaues, lead/lag* overlap 

8-  two  phases. di recti onal  split 


POSSIBLE  PHASES  APPROACHES 


S<  4 


436 
575 


1-one  phase  only 

S-two  phases, directional  SDlit 


l«c2 

Phasing  3&4 

v/c 

BUM  CV 

Capaci  ty 

LOS 

3 

1 

0.79 

1355 

1720 

D 

Of 

1 

0 .  82 

1355 

1650 

D 

5 

8 

0.  91 

1494 

1650 

E 

3 

8 

0.91 

1494 

1650 

E 

4 

1 

0.94 

1625 

1  720 

E 

2 

1 

0.94 

1625 

1720  " 

E 

8 

1 

0.95 

1641 

1720 

E 

6 

1 

1 .  01 

1669 

1650 

F 

4 

8 

1.07 

1765 

1650 

F 

2 

8 

1 . 07 

1765 

1650 

F 

8 

8 

1 .  08 

1781 

1650 

F 

6 

8 

1 .  to 

1 809 

1650 

F 

1* 

1 

1 .  20 

2155 

1S0O 

F 

1* 

8 

1 .  33 

2295 

1 720 

F 

7 

1 

1 .  59 

2623 

1650 

F 

~t 

8 

1 .  67 

2762 

1 650 

F 

This  phasing  may  be  i-naoproor i ate  due 

see  STEP  FOUR  OUTPUT  above 


to  left  turn  restrictions 


Identify  Lane  Geometry 


WW  •  12' 


Identify  Volumes,  in  vph 


Mi 


1  


IT  •_ 


AppIO«CA  4 


Assign  Lane  Volumes, 
in  vph 

Aeoroacft  1 

'  TT~ 

 )\  *K-*v  


it?  m 117  -*ZZjsI'<*. 


F-48 


riHCULAH   212  WO*-XSHcET:    I:  I 


INILPSECT  ICfl   -   l'c'bPA';  ICJflJs    %  DEb3b- 


s  "HK'J  LANES 
£Vi=  WIDTH 
-  _~  LANES 
AV5  W1DTM 
s-kT  LANES 
s»W=  WIDTH 


Hi  oh .1  an rj  t- v«? .    H-  of.;  s n ^ve , 


1C 


1 

10 
y 
o 


iaDU. 


Bt . 


O 


0 
0 
0 


Hunt .;  n  7   K::  . 


0 


STEP  TWO  OUTPUl 


:_r  vol 
"HKU  VOL 
PT  V'UL 
PEE  VOL 
YKUCK  7. 
B'Jb  srUr- 

STEP  FUUJ-J  UL"  H'JT 

CYCLE (sees) 
Ih^nle  INT 
LT  CAP  ON  CI 

S/C 

OH  VOL 

lt  cmp  un  gr 
lt  tot  cap 
It  vol 

-'P.Sb  CHK 

STEP  BIX  OUTPUT 


Lf  VOL 

I'HPU  VOL 
R  •  VOL 

E."!£P  SEVEN  UUTPUT 

U°  VOL 
--JE  LTU 
^'CE  L?P 


1 04 
9E  1 

y 
o 

3 .  0 

O 


42 
bt 
.  6d 
1074 
0 
bt 

10i> 
+ 


0.  vo 
.  121 

1  1 2- T 

9 


1 

6.  00 

:. .  os 

1 .  00 


UMPKG1 


1132 
Ifc7l= 

12*~ 

46" 


2 

361 
"7  4  7« 

361 

0 

4.4 

0 


ss 

42 
B5 

.  6»3 

989 
0 
br. 

361 

+ 


0 .  90 
419 
627 

^1'7 


989 
4 .  00 
1 .  Otf 
1 .  00 


PROTECT  LT 


:2-d 
47:: 


3 1  S3 
141 
46 

CJ 

6 .  3 

O 


bS 


3D!:; 
14 
99 

31  a 


7 

0.  90 
376 
167 


2 .  Ou 
1 .  20 


w 


bt 
4  2 
be 

Iu7 
185 

27  O 


0.  90 
faO 

0 


1  .  CO 
1 .  GO 


LP   Elfc?H'    AND  N 1  NE   A  UL'lHUI 


U^'r-'U  !  h£  !"   Lf  '-■••■:(.;!       '    ... - 

31                                              lf;?r.  44.0 

ri2                                                                      fct4  654 

i4B3  2b£  275 
=  "•=..-■  TEN  CiUT-LT 

ROSS  I  £«'_:£  PHASES  i^^riU^CHES  1  &  - 


1675 

:  16S 

:  l  &€3 

p.. 

1094 

4 

1  034 

1221 

6 

2403 

"9. 

124B 

8 

■on a  snase  only 

* t w o  d h a s s  .on©  I  e  4 1  □  r c t s r  t  e i  .  n c  a v »:*i5: 
■twc  phases,  me  lett  prelected ,  cvsrl ac 
-two  phases. octh  Is-fts  isratectsd.no  cveria; 
■three  pnases . Penh  lefts  protected , over 1 ac 
-three  ahases , 2 eari/2 ag, no  over I ap 
■three  phases . lead/ lag ,  over  1  as 
■two  phases,  cii  recti  onal  split. 


-'OSSIELE  PHASE 

£  APPROACHES 

3  Z<  4 

• 

510 

1-one  phase 

only 

627 

fa-two  phases 

. directional 

SD  lit 

Phasing  1&2 

Phasing  3&4 

v/c 

SUM  CO 

C<?.Daci  tv 

LI 

4 

1* 

0.93 

1604 

1720 

5 

1* 

0 .  94 

1544 

1650 

E 

3* 

1  * 

0 .  98 

1678 

1720 

b 

•  2* 

1* 

0 .  98 

1678 

1720 

E 

5 

8 

1 .  01 

1661 

1650 

F 

8 

1* 

1 . 02 

1759 

1  720 

F 

4 

8 

1 .  04 

1721 

1650 

F 

6 

1* 

1 .  05 

1731 

1 650 

F 

3* 

8 

1 .  09 

1795 

1650 

F 

2* 

8 

1 .  09 

1795 

1650 

F 

6 

8 

1 .  12 

1848 

1650 

F 

8 

8 

1  .  14 

1875 

1650 

F 

1* 

1* 

1.21 

2 1  8  w  . 

1800 

F 

1* 

8 

1 .34 

2302 

1 720 

F 

7 

1* 

1.77 

2913 

1650 

F 

7 

8 

1.84 

3030 

1650 

F 

i   This  ohasina 

may  be  inaoprooriate  due 

to  left  turn 

restr i  etions 

see  STEP  FOUR  OUTPUT  above 

F-50 


.I1RCULAR  212  WORKSHEET*:  SIGNALIZED  INTERSECTION  -  OPERATIONS  &  DESIGN 
p'M     V/H  TMC     V/H  DISTRIBUTION 


TfcP  ONt  UU1PUI 


*  THRU  LANbS 
WIDTH 
LANbS 
WIDTH 
LANES 
WIDTH 


Highland  Ave.   Hianland  Ave. 


aVG 
aVG 


12 
i 

10 
0 
u 


12 
1 

10 
0 

o 


Hun  tin  a  Fid. 

1 1  y 

o  o 

0  0 

0  0 

0  0 


ftp  TWO  OUTPUT 


LT  vol 

THRU  VOL 
RT  VOL 
ED  VOL 
ROCK  */. 
•US  STOP 


1 

65 
£27 
41 
0 

2.  1 

0 


336 
926 
224 
0 

2.  1 

0 


503 
416 
123 
0 

1.2 

O 


4 
26 
83 

0 
0 

1 . 5 

o 


STEP  FOUR  UUTPOT 


^YCLE(secs) 
CHANGE  INT 
LT  CAP  ON  CI 
5/C 
DP  VOL 

L  T  CAP  ON  GR 
'  T  TOT  CAP 
LT  VOL 

PASS  CHK 


85 
42 
85 
.  52 
1150 
0 
85 
65 

t 


85 
42 
85 

568 
56 
141 

336 
■f 


85 
42 
85 
.47 
83 
481 
566 
503 
t 


85 
42 
85 
.47 

539 

'-\  ir 

■J—  w 

110 

26 

t 


STEP  SIX  OUTPUT 


PMF 

LT  VOL 
THRU  VOL 
ST  VOL 


1 

0 .  90 
74 
598 
47 


0 .  90 
381 

1 050 
254 


0 .  90 
566 
468 
138 


4 

0 .  90 
29 
94 
O 


£TEP  SEVEN  OUTPUT 

OP  VOL 
C'CE  LTU 
PCS  LTP 
PCE  RT 


1 

1 150 
6.  00 
1 .  03 
1 .  00 


568 
2.  OU 
1 .  05 
1 .  00 


83 
1 .  00 
1 .  20 
1 .  00 


4 

539 
2 .  00 
1 .  20 
1 .  OO 


Al 
B  1 
*2 

^3t<4 
A4B3 


UNPROTECT  LT 
442 
644 
762 
1  305 
1 172 
152 


PROTECT  LT 
77 
644 
400 
1305 
1285 
129 


-  TwW  nr,Mi    orjn  N' »  mi-'   ft   fit  tTt*1  >T 


UNPROTECT   L  r  PROTECT  L.T 

f'-.-  "42  77 

Ai  338  33* 

5=1  762  400 

A2  685 

-\3fc4  615  6  75 

-*4B3  BS  74 

SIEP   TbN  OUTPUT 

POSSIBLE  PMrtbbS  APPROACHES   I   &  1.' 

762  1-one  arras e  only 

lOb'5  2— two  Dhase.one  left  Drotected.no  overlap 

«43  3-two  phases, one  left  pr ot ect ep . over  1 ao 

1085  4-two  onases.both  lefts  orotected.no  overlao 

V62  5-three  onases.both  lefts  or ot ected . over  1 ao 

llc»3  6-tnree  phases . 1 ead/1 ag , no  overlao 

1205  7-three  phases . 1 ead/ 1 ag , over 1 ao 

1023  8— two  phases . di recti onal  split 

POSSIBLE  PHASES  APPROACHES  3  &  4 

615  1-one  phase  onlv 

749  8-twc  phases. di recti onal  split 


1  1?<2 

Phasing  3&4 

v/c 

sun  cv 

Caoaci  tv 

Li 

1* 

1 

0.  77 

1377 

1800 

C 

5" 

1 

0 .  83 

1377 

1  650 

D 

1 

O.  85 

1458 

1720 

D 

1* 

8 

0 .  8e 

151 1 

1720 

D 

5 

8 

0.  92 

151 1 

1650 

E 

8 

1 

0.95 

1638 

1720 

E 

3 

8 

0.  96 

1592 

1600 

E 

2 

1 

0.  99 

1700 

1720 

E 

4 

1 

0.  99 

1 700 

1720 

E 

8 

8 

1 .  07 

1772 

16O0 

F 

6 

1 

1 .  08 

1  778 

1  650 

F 

7 

1 

1 .  10 

1820 

1650 

F 

'.t 

a 

1.11 

1834  • 

1650 

F 

4 

8 

1.11 

1834 

1 650 

F 

6 

8 

1  .  16 

1911 

1650 

F 

7 

8 

1  .  18 

1954 

1650 

F 

x   This  Dhasinq  may  be  inappropriate  due  to  left  turn  restrictions 
see  STEP  FOUR  OUTPUT  above 


F-52 


CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  Z<  DESIGN 


AN     V/H  TNC     CTPS  DISTRIBUTION 


<   '  STEP  ONE  OUTPUT 


NAME 
#TMRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
fcRT  LANES 
AVG  WIDTH 

STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  7. 
BUS  STOP 

STEP  FOUR  OUTPUT 

CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 

PASS  CHK 

STEP  SIX  OUTPUT 


Highland   Ave.    Highland  Ave. 


Gould  St.        Hunting  Rd. 


1  %  PHF 


LT  VOL 
THRU  VOL 
RT  VOL 


12 
1 

10 
0 
0 


1 

32 
93 1 
3 

0 

T  ~T 
■  v> 

0 


85 
42 
85 
.68 
1 115 
0 
85 
82 

t 


1 

0.92 
92 
1101 
9 


1  O 
x 

1 

10 

o 

0 


361 
713 
402 
O 

4.4 

0 


85 
42 
85 

.  68 

989 
0 
85 

361 

■f 


0.  87 
433 
856 
482 


11 

O 
0 
0 
0 


320 
143 
42 
0 

6.3 

(") 


85 
42 
35 

.31 

415 
0 
S5 

320 

-f 


0.93 
366 
163 
48 


3 
0 
0 
0 
0 


JO 

415 
0 
0 

1.5 

0 


85 
42 
85 
.31 
185 
187 


4 

0.  91 
59 
463 

0 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

1115 
6 .  00 
1 .  05 
1 .  00 


989 
4.  00 
1 .  05 
1 .  00 


415 
2 . 00 
1 .  20 
1 .  00 


4 

185 
1 .  00 
1.20 
1 .  00 


B2 
Al 
Bl 
A2 

(A3B4 
A4B3 


UNPRCTECT  LT 

cr  cr  *— . 

1110 
1733 
1338 
943 


PROTECT  LT 
97 
1110 
455 

1338 
650 
534 


B2 
Al 
Bl 
A2 

A3B4 
A4B3 


UNPROTECT  LT 
552 
533 
1733 
702 
495 
301 


FROTi 


■  LT 
97 
583 
455 
702 
341 
308 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1   &  2 


1733 
1 157 
1038 
1 157 
1 038 
1254 
2316 
1235 


1-  one  phase  only 

2-  two  phase, one  le-ft  protected, no  overlap 

3-  two  phases, one  le-ft  protected  ,  over  1  ap 

4-  two  phases, both  lefts  protected , no  overlap 

5-  three  phases, both  lefts  protected , over 1 ap 

6-  three  phases, lead/lag ,no  overlap 

7-  three  phases , 1 ead/1 ag , over 1 ap 

8-  two  phases , di recti onal  split 


POSSIBLE  PHASES  APPROACHES 


495 
650 


1-one  phase  only 

8-two  phases , di recti onal 


►pi  it 


1?<2 

Phasing  3&4 

v/c 

SUM  CV 

Capaci  ty 

LOS 

3 

1* 

0.  89 

1533 

1720 

E 

5 

1* 

0.  93 

1533 

1650 

E 

4 

1* 

0.  96 

1652 

1 720 

E 

2 

1* 

0.96 

1652 

1720 

E 

8 

1 .  02 

1688 

1650 

F 

5 

8 

1 .  02 

1683 

1650 

F 

8 

1* 

1 .  04 

1781 

1720 

F 

6 

1* 

1.06 

1749 

1650 

F 

4 

8 

1.  10 

1807 

1650 

F 

2 

8 

1 .  10 

1807 

1650 

F 

6 

8 

1 .  15 

1 904 

1650 

F 

8 

8 

1.  17 

1935 

1650 

F 

1* 

1* 

1.24  - 

1 800 

F 

1* 

8 

1.39 

2333 

1720 

F 

7 

1* 

1.  70 

2311 

1650 

F 

7 

8 

1 .  30 

2966 

1650 

F 

*  This  phasing  may  be  inappropriate  due  to  left  turn  restrictions 
see  STEP  FOUR  OUTPUT  above 


F-54 


CIRCULAR  212  WORKSHEET:  SIGNAL  I  ZED  INTERSECTION  -  OPERATIONS  &  DESIGN 
PM     V/H  TMC       CTPS  DISTRIBUTION 

STEP  ONE  OUTPUT 


NAME 

#THRU  LANES 
AVG  WIDTH 
#LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


Highland  Ave.    Highland  Ave. 


Gould  St 


12 
1 

10 
0 

o 


12 
1 

10 

0 
0 


1 1 

o 
o 
o 

0 


Hunting   Rd . 

8 

0 

o 
o 

0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  V. 
BUS  STOP 


1 

57 
527 
41 
0 

i 

o 


336 
926 

0 

2.  1 

0 


467 
483 
92 

0 

1 .  2 

(") 


4 
26 
92 

0 
0 

1.5 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 

PASS  CHK 


85 
42 
85 
.54 
1262 
0 
85 
57 

t 


85 
42 
85 
.54 

568 
80 
165 


85 
42 
85 
.  45 
92 
448 
533 
467 
t 


85 
42 
85 
.  45 
575 
0 
85 
26 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0.90 
65 
598 
47 


0.95 
361 
995 
361 


0.  90 
525 
543 
103 


4 

0.84 
31 
111 

0 


STEP  SEVEN  OUTPUT 

OP  VOL   

PCE  LTU 
PCE  LTP 
PCE  RT 


1 

1262 
6 . 00 
1 . 05 
1 .  00 


2 

568 
2.00 
1.05 
1 . 00 


92 
1 .  00 
1.20 
1 .  00 


4 

575 
2.  00 
1.20 
1.00 


B2 
Al 
Bl 
A2 

A3B4 
A4B3 


UNPROTECT  LT 
383 
644 

1356 
1 172 
174 


PROTECT  LT 

68 
644 
379 
1356 
1277 
149 


STEP  EIGHT  AND  NINE  A  OUTPUT 


Al 

Bl 
A  2 

A3B4 
A4B3 


UNPROTECT  LT 
383 

TTO 
■-' 

~J  '~>'~> 

712 
615 
100 


PROTECT 


r 

63 
333 
379 
712 
670 

86 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1   &  2 


722 

1 

-one  phase  only 

1091 

ni 

-two  phase, one  left  protected, no  overlap 

767 

-two  phases, one  left  protected  ,  ever  1  ap 

1091 

4 

-two  phases, both  lefts  protected, no  overlap 

780 

5 

-three  phases, both   lefts  protected , over 1 ap 

1159 

6 

-three  phases , 1 ead / 1 ag , no  overlap 

1 1 1 0 

7 

-three  phases , 1 ead/1 ag , over 1 ap 

1050 

3 

-two  phases , di recti onal  split 

SSIBLE 

PHASES 

APPROACHES  3  &  4 

615 

1 

-one  phase  only 

756 

8 

-two  phases , di recti onal  split 

1  *-'2 

Phasing  3&4 

v/c 

SUM  CV 

Capaci  ty 

L 

1* 

1 

0.  74 

1337 

1800 

C 

3 

1 

0 .  80 

1332 

1720 

D 

5 

1 

0.  35 

1395 

1650 

D 

1* 

a 

0.  86 

1473 

1720 

D 

O1 

8 

0.  92 

1523 

1650 

E 

5 

8 

0.93 

1536 

1650 

E 

8 

0.97 

1665 

1720 

E 

2 

0.99 

1706 

1 720 

E 

4 

0.  99 

1706 

1 720 

E 

7 

1 .  05 

1725 

1650 

F 

6 

1 .  08 

1774 

1 650 

F 

8 

8 

1 .  09 

1807 

1650 

F 

2 

8 

1.  12  - 

1847 

1 650 

F 

4 

8 

1.  12 

1847 

1650 

F 

7 

8 

1 .  13 

1866 

1650 

F 

6 

3 

1.  16 

1915 

1650 

F 

*  This 
see 


phasing  may  be  inappropriate 
STEP  FOUR  OUTPUT  above 


due  to  left  turn  restrictions 


F-56 


CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  &  DESIGN 


AM     CTPS  TMC 


V/H  DISTRIBUTION 


STEP  ONE  OUTPUT 


NAME 

ft THRU  LANES 
AVG  WIDTH 
ULJ  LANES 
AVG  WIDTH 
ftRT  LANES 
AVG  WIDTH 


1  2 
Highland  Ave.    Highland  Ave. 


12 
1 

10 

o 

0 


12 
1 

10 

0 
0 


Gould  St 


1 1 

0 

o 
o 

0 


Hunt i  na 


4 

Rd. 

■-. 

8 
0 
0 

o 

0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
RED  VOL 
TRUCK  7. 
BUS  STOP 


155 
SSI 
30 
0 

T  T 
'_'  • 

0 


32S 

461 

0 

4.  4 

0 


244 
72 
34 
0 

6.3 

0 


4 
69 
304 
0 
0 

1 .  5 

0 


STEP  POUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 

PASS  CHK 


85 
42 
85 

.72 

993 
0 
85 

155 

i 


85 
42 
85 

.72 

911 
0 
85 

328 

■f 


85 
42 
85 
.27 

304 
20 
105 
244 
i 


85 
42 
85 
.27 
106 
218 
303 
69 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 

STEP  SEVEN  OUTPUT 

OP  VOL   

PCE  LTU 
PCE  LTP 
PCE  RT 


1 

0.92 
174 
989 
34 


1 

993 
4 .  00 
1.05 
1 .  00 


0.87 
394 
638 
553 


911 
4.00 
1.05 
1 .  00 


0.93 
279 
82 
39 


304 
2.00 
1 . 20 
1 .  00 


4 

0.  91 
77 
339 
0 


4 

106 
1 . 00 
1.20 
1 . 00 


B2 
Al 

Bl 
A2 

,A3B4 
A4B3 


UNPROTECT  LT 
696 
1023 
1574 
1 192 
679 
416 


PROTECT  LT 
183 

1023 
413 

1 192 
456 
431 


CTm     r~  T  fT:LJT     /\MH     KITKIE7     /\     ni  IV'.i  it 


A  3  34 
A4B3 


240 


23? 
24? 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES  1 


1574 
1109 
1 109 
1 039 
950 

2271 
1163 


1-  one  phase  only 

2-  two  phase, one  left  protected , no  overlap 

3-  two  phases, one  le-ft  protected  ,  over  1  ap 

4-  two  phases, both   lefts  protected, no  overlap 

5-  three  phases, both  lefts  protected , over 1 ap 

6-  three  phases, 1 ead/1 ag , no  overlap 

7-  three  phases , 1 ead/1 ag , over 1 ap 
S-two  phases , di recti onal  split 


POSSIBLE  PHASES  APPROACHES  3  V.  4 


356 

1-one 

phase 

on  1  y 

488 

8-two 

phases 

, di  recti  onal 

spl  it 

Phasing  1&2 

Phasing  3?<4 

v/c 

SUM  CV 

Capaci  ty 

LC 

1* 

0.  79 

1307 

1650 

D 

4 

1* 

0.31 

1395 

1720 

D 

3* 

1* 

0.  85 

1466 

1720 

D 

2* 

1* 

0.  85 

1466 

1720 

D 

5 

8 

0.  87 

1439 

1650 

D 

8 

1* 

0.  38 

1519 

1 720 

D 

4 

8 

0.  93 

1527 

1 650 

E 

6 

1* 

0.  96 

1578 

1650 

E 

3* 

8 

0.97 

1598 

1650 

E 

2* 

8 

0.  97 

1598 

1650 

E 

8 

8 

1 .  00 

1651 

1650 

P 

6 

3 

1 .  04 

1710 

1650 

F 

1* 

1* 

1 .  07 

1931 

1 800 

F 

1* 

8 

1.20 

2063 

1720 

F 

7 

1* 

1.  59 

2627 

1650 

F 

7 

8 

1 .  67 

2759 

1650 

F 

*  This  phasing  may 

be  inappropriate  due 

to  left  turn 

restri  ct i  ons 

see  STEP 

POUR  OUTPUT  above 

F-58 


CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  &  DESIGN 


PM     CTPS  TNC     vVH  DISTRIBUTION 


»      STEP  ONE  OUTPUT 

12  3  4 

NAME                       Highland  Ave.  Highland  Ave.  Gould  St.        Hunting  Rd. 

#THRU  LANES  2  2  2  2 

#  AVG  WIDTH  12  12  11  B 

a      #LT  LANES  1  1  0  0 

AVG  WIDTH  10  10  0  0 

#RT  LANES  0  0  0  0 

AVG  WIDTH  0  0  0  0 


#  STEP  TWO  OUTPUT 

) 

1 

LT  VOL  50 

THRU  VOL  745 

RT  VOL  64 

#  PED  VOL  0 

i      TRUCK  '/.  2.1 

LOS           BUS  STOP  0 

D_  STEP  POUR  OUTPUT 

D 

D        f  CYCLE (sees)  85 

D      j      CHANGE   INT  42 

D             LT  CAP  ON  CI  e5 

D             G/C  .59 

E             OP  VOL  1376 

E            LT  CAP  ON  GR  0 

E         *  LT  TOT  CAP  85 

E      5      LT  VOL  50 

:             PASS  CHK  t 

:  STEP  SIX  OUTPUT 

#  1 

:       ji      PHF  ;  0.90 

LT  VOL  57 

THRU  VOL  845 

RT  VOL  73 


2  3  4 

412  439  28 

1104         -  384  121 

272  116  0 

0  0  0 

2.1  1.2  1.5 

0  0  0 


85  85  85 

42  42  42 

85  85  85 

. 59  . 40  . 40 

809  121  500 

0  359  0 

85  444  85 

412  439  28 

t  t  t 


2  3  4 

0.95  0.90  0.84 

443  494  34 

1187  432  146 

292  1 30  0 


STEP  SEVEN  OUTPUT 

OP  VOL   

PCE  LTU 
PCE  LTP 
PCE  RT 


1 

1376 
6.  00 
1 .  05 
1 .  00 


809 
4.00 
1 .  05 
1 .  00 


121 
1 .  00 
1 .  20 
1 .  00 


500 
2.  00 
1.20 
1 .  00 


%  I 

B2 
Al 
Bl 
A2 
+  A3B4 
s\  A4B3 


UNPROTECT  LT 
340 
918 
1771 
1479 
1056 
214 


PROTECT  LT 
60 
918 
465 
1479 
1 155 
187 


PROTECT  LT 
60 
482 
465 
776 
606 
108 

STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1  &  2 


1771 

1 

-one  phass  only 

1241 

«-) 

-two  phase, one  left  protected, no  overlap 

947 

-two  phases, one  le-ft  protected  ,  over  1  ap 

1241 

4 

-two  phases, both  le-fts  protected, no  overlap 

947 

5 

-three  phases, both   le-fts  protected  ,  over  1  ap 

1301 

6 

-three  phases , 1 ead/1 ag , no  overlap 

7 

-three  phases , 1 ead/1 ag , over  1  ap 

1258 

8 

-two  phases, directional  split 

SSIBLE 

PHASES 

APPROACHES  3  Se  4 

554 

1 

-one  phase  only 

714 

3 

-two  phases , di recti onal  split 

1&2 

Phasing  3&4 

v/c 

SUM  CV 

Capaci  ty 

L0 

3 

1 

0.37 

1501 

1720 

D 

5 

1 

0.91 

1501 

1650 

E 

5 

8 

1.01 

1661 

1650 

F 

3 

8 

1.01 

1661 

1650 

F 

4 

1 

1 .  04 

1796 

1720 

F 

2 

1 

1 .  04 

1796 

1720 

F 

8 

1 

1 .  05 

1813 

1720 

F 

6 

1 

1.  12 

1855 

1650 

F 

4 

8 

1.  19 

1955 

1650 

F 

—> 

8 

1.  19 

1955 

1650 

F 

8 

8 

1 .  20 

1972 

1650 

F 

6 

8 

1 .  22 

2015 

1650 

F 

1* 

1 

1.29 

* 

1800 

F 

1* 

8 

1 .  44 

2435 

1720 

F 

7 

1 

1 .  70 

2307 

1650 

F 

7 

8 

1 .  80 

2967 

1650 

F 

*  This  phasing  may  be  inappropriate  due  to  left  turn  restrictions 
see  STEP  FOUR  OUTPUT  above 


UN PROTECT  LT 

B2  340 

Al  432 

Bl  1771 

A2  776 

A3B4  554 

A4S3  124 


F-60 


» 

CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  &  DESIGN 


AM     CTPS  TMC       CTPS  DISTRIBUTION 


» 


STEP  ONE  OUTPU" 


NAME 

ttTHRU  LANES 
AV'G  WIDTH 
#LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


Highland  Ave,    Highland  Ave. 


Gould  St.        Hunting  Rd 


12 
1 

10 

o 

0 


12 
1 

10 

0 
0 


1 1 

o 

0 
0 
0 


s 

o 
o 
o 

0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  7. 
BUS  STOP 


1 

131 
8S1 

30 
0 

■  j>  •  • j> 
0 


328 
532 
428 
0 

4.4 


246 
74 

30 
0 

6.3 

0 


4 
6? 
361 

0 
0 

1.5 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
CHANGE  INT 
LT  CAP  ON  CI 
G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 

PASS  CHK 


85 
42 
85 
.69 
960 
0 
85 
131 


85 
42 
35 

.69 

91 1 
0 
85 

323 

■f 


85 
42 
85 

.  30 

361 
0 
85 

246 

■f 


S5 
42 
85 
.  30 
104 
256 
341 
69 

t 


STEP  SIX  OUTPUT 


FHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

0.  92 
147 
989 
34 


0.  87 
394 
638 
514 


0.  93 
281 
85 

34 


4 

0.91 
77 
403 
0 


STEP  SEVEN  OUTPUT 

OP  VOL 
PCE  LTU 
PCE  LTP 
PCE  RT 


1 

960 
4 .  00 
1 .  05 
1 .  00 


911 
4 .  00 
1.05 
1 .  00 


361 
2.  00 
1 .  20 
1 .  00 


4 

104 
1 .  00 
1 . 20 
1 .  00 


B2 
Al 
Bl 
A2 

A3B4 
A4B3 


UNPROTECT  LT 
588 
1023 
1574 
1 152 
681 
480 


PROTECT  LT 
154 

1 023 
413 

1 152 
456 
495 


QIFP    CTRWT    AMP.    KIT  MIT    Ci    HI  iTC-l  IT 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1   &  2 


1574 

1 

1018 

•j 

1 002 

1018 

4 

950 

5 

1 173 

6 

2163 

7 

1 142 

8 

■one  phase  only 

-two  phase. one  left  protected, no  overlap 

•two  phases, one  le-ft  protected  , over  1  ap 

-two  phases, both   le-fts  protected, no  overlap 

-three  phases, both   le-fts  protected  ,  over  1  ap 

-three  phases , 1 ead/ 1 ag , no  overlap 

■three  phases , 1 ead/ 1 ag , over  1 ap 

-two  phases , di recti onal  split 


POSSIBLE  PHASES  APPROACHES  3  ?<  4 


1 -one  phas 

e 

onl  y 

B-two  phases 

, di  rect  i  onal 

spl  i  t 

Phasing  1&2 

Phasing  3& 

4 

v/c 

SUM  CV 

Capaci  ty 

LC 

3* 

1* 

0.  79 

1359 

1720 

D 

5 

1* 

0 .  79 

1308 

1650 

D 

4 

1* 

0.80  - 

1376 

1 720 

D 

2* 

1* 

0 .  80 

1376 

1720 

D 

8 

1* 

0.  87 

1499 

1 720 

D 

5 

e 

0.89 

1476 

1650 

E 

3* 

8 

0.  93 

1527 

1650 

E 

6 

l* 

0.  93 

1530 

1650 

E 

2* 

8 

0.  94 

1543 

1 650 

E 

4 

8 

0.94 

1543 

1650 

E 

8 

8 

1.01 

1667 

1650 

F 

6 

8 

1 .  03 

1698 

1650 

F 

1* 

1* 

1.07 

1932 

1 800 

F 

1* 

8 

,  T-\ 
X  •   rfli  t  , 

2100 

1720 

F 

7 

1* 

1.53 

1650 

F 

7 

8 

1 .  63 

2688 

1650 

F 

*  This  phas 

ing  may  be  inappropriate  due 

to  left  turn 

restr i  ct i  ons 

see  STEP 

FOUR  OUTPUT 

above 

F-62 


CIRCULAR  212  WORKSHEET:    SIGNALIZED   INTERSECTION  -  OPERATIONS  S<  DESIGN 


PM     CTPS  TMC 


CTPS  DISTRIBUTION 


#STEP  ONE  OUTPUT 


NAME 

#THRU  LANES 
AVG  WIDTH 
*#LT  LANES 
AVG  WIDTH 
#RT  LANES 
AVG  WIDTH 


Highland  Ave.   Highland  Ave.  Gould  St. 

2  2  2 

12  12  11 

1  1  0 

10  10  0 

0  0  0 

0  0  0 


Hunting  Rd . 

S 
0 
0 

o 

0 


STEP  TWO  OUTPUT 


LT  VOL 
THRU  VOL 
RT  VOL 
PED  VOL 
TRUCK  '/. 
BUS  STOP 


1 

42 
745 
64 

0 

2.  1 

0 


412 
1 104 
271 
0 

O  1 
jL.  a  x 

0 


-r 

■-• 

403 
451 
85 

0 

1.2 

O 


4 
23 
1 30 
0 

o 

1.5 

0 


STEP  FOUR  OUTPUT 


CYCLE (sees) 
"CHANGE  INT 
LT  CAP  ON  CI 

G/C 

OP  VOL 

LT  CAP  ON  GR 
LT  TOT  CAP 
LT  VOL 

PASS  CHK 


85 
42 
85 
.5? 
1375 
0 
85 
42 

t 


85 
42 
85 

.  59 

809 
0 
85 

412 

f 


85 
42 
85 
.  40 
1 30 
350 
435 
403 
t 


85 
42 
85 
.40 
536 
0 
85 
28 

t 


STEP  SIX  OUTPUT 


PHF 

LT  VOL 
THRU  VOL 
RT  VOL 


1 

O.  90 
48 
845 

73 


0.95 
443 

1187 
291 


0 .  90 
453 
507 
96 


4 

0.84 
34 
157 

O 


jSTEP  SEVEN  OUTPUT 

CP  VOL 

PCE  LTU 
PCE  LTP 
PCE  RT 


1 

1375 
6.  00 
1 .  05 
1 .  00 


S09 
4.  00 
1 .  05 
1 .  00 


130 
1  .  00 
1 .  20 
1 .  00 


2 .  00 
1 .  20 
1 .  00 


Al 

El 

A2 

A3B4 

A4B3 


UNPRQTECT  LT 
2S6 
913 
1771 
1473 
1056 


PROTE( 


T  LT 
50 
913 
465 
1473 
1 146 
198 


STEP  EIGHT  AND   NINE   A  OUTPUT 


B2 
Al 
Bl 
A2 

A3B4 
A4B3 


432 
1771 
776 
554 
130 


50 
432 
465 
776 
602 
1 .14 


STEP  TEN  OUTPUT 


POSSIBLE  PHASES  APPROACHES   1   &  2 


1771 
1241 

947 
1241 

947 
1291 

125S 


1-  one  phase  only 

2-  two  phase, one  left  protected, no  overlap 

3-  two  phases, one  left  protected  ,  over  1  ap 

4-  two  phases, both  lefts  protected, no  overlap 

5-  three  phases, both  lefts  protected , over 1 ap 

6-  three  phases , 1 ead/1 ag , no  overlap 

7-  three  phases , 1 ead/1 ag , over 1 ap  .  . 

8-  two  phases , di recti onal  split 


POSSIBLE  PHASES  APPROACHES  3  Z<  4 


554 

1-one 

pha 

se 

onl  y 

716 

8-two 

phases 

,  di  recti  onal 

split 

Phasing  1?<2 

Phasing  3 

Z<A 

v/c 

SUM  CV 

Capaci  ty 

1 

0 .  87 

1501 

1720 

1 

0 .  9 1 

1 50 1 

1650 

rz 
U 

8 

1.01 

1663 

1650 

8 

1.01 

1663 

1 650 

4 

1 

1 .  04 

1795 

1720 

2 

1 

1.  04 

1795 

1720 

8 

1 

1 .  05 

1812 

1 720 

6 

1 

1.  12 

1845 

1650 

4 

8 

1.  19 

1957 

1650 

8 

1 .  19 

1957 

1650 

8 

8 

1 .  20 

1974 

1 650 

6 

8 

1.22 

2007 

1650 

1* 

1 

1.29 

1 800 

1* 

8 

1.45 

2487 

1720 

7 

1 

1 .  70 

2807 

1650 

7 

8. 

1 .  80 

2969 

1650 

*  This  phas 

inq  may 

be  inappropriate  due 

to  left  turn 

restr i cti  on; 

see  STEP 

FOUR  OUTPUT 

above 

LOS 

D 
E 


F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
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NEWTON-NEEDHAM 


437    CHERRY  STREE 


AM     CHAMBER  OF  CommE,C| 

T    •    NEWTON.    MASSACu,,....  C,« 


S  ACHO  StTT  i 
AREA    CODE    6  1  7~ 
June  12,  1985 


Robert  T.  Tierney,  Commissioner 
Massachusetts  Department  of  Public  Works 
10  Park  Plaza 

Boston,  Massachusetts  02116 

Dear  Commissioner  Tierney: 

I  am  writing  to  you  to  seek  an  update  on  progress  toward  resolving  the 
ongoing  problems  in  the  Highland  Ave.-Needham  Street  Corridor. 

It  is  our  understanding  that  the  Central  Transportation  Planning  Staff 
report  has  been  in  various  stages  of  completion  for  some  time  now  and  yet 
it  has  not  been  issued. 

What  are  the  major  problems  which  are  delaying  its  completion?  Are 
there  policy  differences  which  remain  unresolved?    Can  we  help? 

I  can  assure  you  that  the  problems  in  the  Corridor  are  steadily 
increasing  and  once  the  ease  of  summer  is  over,  we  can  look  forward  only 
to  increased  congestion  and  traffic  delays.    Taxi  drivers,  for  example, 
are  avoiding  the  area  and  utilizing  routes  through  residential  neighbor- 
hoods.   Other  drivers  are  doing  the  same,  including  trucks. 

We  ask  you  to  please  give  this  matter  your  personal  attention.  We 
look  forward  to  working  with  your  department  to  ease  the  situation,  but 
we  need  to  know  just  where  the  progress  is  at  this  point. 


ely, 


jewis  B.  Song^r,  CCE  4 
xecutive  Vice  President 


LBS /ho 

cc:    Mayor  Mann 

Selectman  Chairman  Garrity 
Barry  Canner 
John  Cogswell 
Richard  Gagney 


H 


ACCREDITED 


LEWIS  8  SONGE«.CCE 
Eaccutiw*  Wie«  f'W>a«M 

NEWTON-NEEDHAM  CHAMBER  OF  COMMERCE,  INC. 

4  3  7    CHERRY    STREET    •    NEWTON,    MASSACHUSETTS    •  02165 

AREA   CODE   617    •  244-5300 

October  3,  1985 

Special  Meeting:    Highland  Ave.-Needham  Street  Task  Force 

7:45  a.m.       Honeywell  Information  Systems 
141  Needham  Street 
Newton  Highlands 

There  will  be  a  special  meeting  of  the  Highland  Ave.-Needham  Street 
Task  Force  on  Thursday,  October  17th  at  7:45  a.m.  at  Honeywell  Information 
Systems,  141  Needham  Street,  Newton  Highlands. 

Participants  will  include  members  of  the  Chamber's  task  force  as  well 
as  representatives  of  the  state  Department  of  Public  Works,  the  Central 
Transportation  Planning  Staff  of  the  state,  Needham  and  Newton  Planning 
and  Engineering  officials. 

The  status  of  the  project  and  the  necessary  reports  and  reviews  will  be 
discussed. 

Please  call  the  Chamber  office  to  indicate  your  attendance  plans. 

John  Fox,  Chairman 


u  r 


NEWTON-NEEDHAM 


LEWIS  8  SONG E R,  CCE 
Eamcutiv*  Vic*  Pravidmnt 


CHAMBER  OF  COMMERCE,  INC. 

4  3  7    CHERRY    STREET    •    NEWTON,    MASSACHUSETTS    •  02165 


AREA   CODE   617    •  244-5300 


February  3,  1986 

Mr.  Lawrence  H.  Tittemore 

Central  Transportation  Planning  Staff 

State  Transportation  Building 

10  Park  Plaza,  Suite  2150 

Boston,  Massachusetts  02116 

Dear  Larry: 

on  Jan.  9th.  V  °  °ur  meetin8  with  you  and  other  state  officials 

to       -I^^^^^J^ti-""  '"ft  report  and  presentation  made 

fw-S-sss  ::^en:ri;  ^l"^0^^"  ii  -»«?<>•• i- «» tb. 

competence  at  a  high  level  of  analysis?    Finally    it s.accurately        "fleet,  technicsl 
understsnd.    Your  presentation  orally  and  the  liLj  7  "eU  Wrltten  and  e«y  « 

was  very  well  done,  too.  7  Vlsual  P^aentation  and  choice  of  graphics 

«.^°^ta"hr:Son^0the^%ontarnSrthde  "  clear!, 

to  be  corrected  because  with™,  111  "8       8d  Parallel  to  Route  128  needs 
-olutions  to  the  proMemfror  the    „    ,°3  ^  thf"        be  00 

enter  the  industrial  Dark  frL  !  !  '    The"  8l"pl»  must  >>«  »«ya  to 

limited  entry  at  First  lvenue!     *  AVe°Ue  beS"eS  Second  Avenue  and  the 

*)    »«  «.  I"  agreement  on  several  of  your  short-run  recommendations: 

-namXeo^^  -  -Chester/ 

£h\he  sa.coenedd  l:ernue°  Ugh""1"8  *"  °f  ^  O'^C-ristin.  Ught 

3"    'movements?"  *  re-"riped  f°r  »«».  to  .Uov  for  Uft-turn 


*■  fn\\:^ort1ru.?trlp " Firat  ** 


5. 


Tor  a  thiL  f     confl8u"tion  on  Highland  Avenue  allow 
IZrL     I      806  we8tbou^  (continuous)  to  allow  for 
southbound  turns  into  Second  Avenue. 


n 


c 

Page  2  .^^J^4 
B)    We  would  suggest  modifications  on  the  following  isr  


isues: 


1. 


2. 


U!J  Jhe  suggested  improvements  for  Third  and  Fourth  Avenue  intersections 
with  Kendrick  Street  proceed  with  the  lane  markings.    The  concept  of  one-wav 
streets  is  not  feasible  because  they  cannot  be  connected  by  extending 
B  Street  without  a  major  land  taking.    The  possibility  of  lights  at 
4th  and/or  3rd  should  be  considered,  also. 

That  the  suggested  left  turn  lane  eastbound  on  Highland  Avenue  in  the  vicintv 
of  Charles  and  Wexford  Streets  be  limited  to  left  turns  only  into  Charles 
^f6etu  because  there  so  m?  more  businesses  north  of  Highland  Avenue. 
This  change  would  be  predicated  on  continuing  Charles  Street  as  a  two-way 
street  and  making  Wexford  Street  a  "Do  Not  Enter"  street  from  Highland  Avenue 
and  requiring  all  traffic  leaving  Wexford  Street  be  limited  to  right  turn 
only  toward  Route  128.  8 


3. 


This  essentially  captures  the  same  concept  as  you  suggest  for  Third  and 
Fourth  Ayenue  and  would  allow  some  stacking  in  the  left  turn  lane  eastbound 
without  impeding  other  traffic  eastbound.    It  could  be  done  as  a  "pilot" 
program  and  if  found  to  be  unworkable,  it  could  be  abandoned. 

We  think  further  consideration  needs  to  be  given  to  the  Floral  Street/ramp 
connection  recommendation  (including  considering  making  Floral  Street  two 
ways)  to  avoid  trapping  the  apartment  house  residents. 

C)  We  do  not  agree  that: 

1.    In  the  short-run  the  Jug  handle  solution  is  practical  because  of  the  land- 
takings  that  would  be  necessary. 

2"    S?,frVia2  concerned  about  the  suggested  road  to  connect  at  the  base  of  the 
i/wJ    .  S       AV6nUe  because  At  i8<  t0°  close  to  the  intersection.  Traffic 
would  block  Second  Avenue  southbound  in  trying  to  "get  into  line"  on  Second 
Avenue  northbound.    The  very  recent  major  and  ongoing  construction 
practically  negates  this  possibility.    Again  the  practicality  involved  in 

JrJr^no/8  °0t  8!;ort:run-1  We  do  n°t  agree  that  the  bridge  may  not  become, 
"  it  is  not  now,  a  bottleneck. 

D)  Also,  we  would  like  to  suggest  the  following: 

1.    That  the  restriction  right-turn-on  red  be  removed  at  Second  Avenue-Highland 
Avenue,  thus  creating  a  "release"  in  northbound  Second  Avenue  backups? 

2*    Sn.J5l  n?f|rC  ^  l?  ■lnd  that  the  inPendlng  opening  of  the 

Sli ??i  I         bulJdi«g  and  the  proposed  opening  of  the  Sheraton  Hotel  next 
Fall  will  have  a  substantial  impact  on  area  traffic  and  consideration  be 
given  to  method  of  evaluating  this  impact. 

rfMlJ!!^h  '?  enpha8i"  the  *«P°rtance  of  accomplishing  the  re-stripping,  lane 
fvfif  ISS  signage  and  turn  restriction  during  the  1986  construction  selson  and  that 

trllllAl         *T d?    ?/8SU!e  thC  final  design»  biddln*  and  installation  of  the 

practical  and  orderly  timetable  be  established  for  this  key  element  in  the  plan. 


r 


F-68 


(continued) 


Page  3 


HwYbr:  Essies*  ssv^nr of  thvinai  — 

If  so,  it  is  important  for  us  to  arrange  a ^2£?, by  March  "* 
to  city  and  town  officials  as  soon  thefeaft"  Is  possibuf0™81  pre"nt"i°'> 
Thank  you  for  the  opportunity  to  continue  our  work  with  you. 


LBS /ho 

cc:    Lewis  Branzburg 
Barry  Canner 
Calvin  Cook 
John  Fox 
Paul  Giunta 
Roy  LaMotte 
John  Marr 
Richard  Robinson 


Lewis  B.  Songer,  rCE 
Executive  Vice  President 

(for  the  committee:) 


F-69 


CTPS 


State  Transportation  Building 
10  Park  Plaza.  Suite  2150 
Boston,  MA.  02116-3968 
(617)  973-7100 


CENTRAL 
TRANSPORTATION 
PL  AIM  IM I  IMG 
STAFF 


April  7,  1986 


Mr.  Lewis  Songer ,  CCE 
Executive  Vice  President 

Newton-Needhara  Chamber  of  Commerce,  Inc. 
437  Cherry  Street 
Newton,  MA  02165 

Dear  Lew: 

I  would  like  to  thank  you  for  your  letter  on  behalf  of  the 
Newton,  Needham  and  Chamber  of  Commerce  members  of  the  Highland 
Avenue-Needham  Street  Technical  Advisory  Committee  (TAC)  con- 
taining your  responses  to  the  recommendations  made  in  the 
"Preliminary  Draft  Existing  Conditions  Report."     Your  letter  will 
be  included  as  an  appendix  in  the  final  version  of  that  report 
along  with  this  letter  (and  accompanying  memorandum) .     During  the 
coming  month,  the  members  of  the  TAC  will  also  receive  a  detailed 
memorandum  written  by  CTPS,  at  the  request  of  the  Massachusetts 
Department  of  Public  Works.     This  memorandum  explains  specific 
problems  that  were  identified  and  addressed  concerning  the  por- 
tion of  Highland  Avenue  between  the  Route  128  interchange  and  the 
Charles  River. 

We  think  it  is  important  to  reiterate  why  an  existing  con- 
ditions report  was  developed  in  the  first  place.     During  the 
course  of  our  data  collection  and  analysis,  it  became  apparent 
that  opportunities  existed  for  making  immediate  improvements  to 
traffic  operations  within  the  corridor.     It  was  also  apparent  to 
us  that  the  rapid  commercial  development  now  underway  could  fore- 
close long-term  opportunities  for  improvement,   if  immediate  steps 
were  not  taken  to  preserve  the  land  necessary  to  accomplish  these 
improvements.     That  is,  the  existing  conditions  report  was 
designed  to  provide  a  means  of: 

o  Pointing  out  opportunities  for  making  significant  physical 
improvements  of  a  relative  short-term,   inexpensive  nature 
which  are  compatible  with  more  long-term,  capital  inten- 
sive improvements  that  will  also  be  necessary.  Opportuni- 
ties which  fall  into  this  category  include  signalization 
of  unsignalized  intersections,  geometric  upgrades, 
restriping  of  existing  pavement  and  minor  intersection 
widenings . 

o  Also  pointing  out  opportunities  for  protecting  needed 

right-of-way  now  before  the  opportunity  for  acquisition  of 
that  right-of-way  is  lost.     An  example  would  be  the  reser- 
vation of  land  for  a  connection  between  Third  and  Fourth 
Avenues  within  the  New  England  Industrial  Center. 


A  Cooperative  Transportation  Planning  Effort  of  the  Executive  Office  of  Transportation  and  Construction.  Massachusetts  Bay  Transportation 
Authority.  MBTA  Advisory  Board.  Massachusetts  Department  of  Public  Works.  Massachusetts  Port  Authority.  Metropolitan  Area  Planning  Council 


Mr .  Lewis  Songer 


-2- 


April  7,  1986 


Your  letter  specifically  notes  the  omission  of  the  "Frontage 
Road"  from  the  recommendations  contained  in  this  report.     This  is 
true  only  because  of  its  long-term  nature.     This  fact  was  not 
made  clear  in  the  draft  of  the  report. 

Due  to  the  length  of  our  responses,  we  have  chosen  to  pack- 
age our  responses  in  the  form  of  the  attached  memorandum.  Each 
comment  has  been  addressed  in  detail. 

Again,  we  thank  you  for  your  comments.     We  look  forward  to 
working  with  you  in  advocating  implementation  of  short-term 
opportunities  during  the  1986  construction  season.     We  feel  a 
united  front  must  be  presented  in  order  to  enhance  the  possibil- 
ity of  receiving  a  quick  response  to  corridor  needs  from  the 
MDPW. 


LHT:od:53204 
Attachment 

cc:     Barry  Canner ,  Newton 
Roy  LaMotte,  Newton 
Calvin  Cook,  Needham 
Jack  Marr,  Needham 
Richard  Robinson,  Needham 
John  Fox,  N/N  Chamber  of  Commerce 
Lewis  Branzburg,  N/N  Chamber  of  Commerce 
Michael  Meyer,  MDPW 
John  Gaynor,  MDPW 
Robert  Patneaude,  MDPW 
Allan  McKinnon,  EOTC 
Robert  Sloane,  EOTC 
Edward  Bates,  MAPC 


Very  truly  yours, 


Lawrence  H.  Tittemore 


CTPS 


State  Transportation  Building 
10  Park  Plaza.  Suite  2150 
Boston.  MA.  02116-3968 
(617)  973-7100 


CENTRAL 
TRANSPORTATION 
PLANNING 
STAFF 


MEMORANDUM 


TO: 


The  Highland  Avenue- Needhara  Street 
Corridor  Technical  Advisory  Committee 


April  3,  1986 


FROM: 


Lawrence  H.  Tittemore 
William  T.  Steffens 


RE: 


Response  to  Newton- Needham  Chamber  of  Commerce  Letter  of 
February  3,  1985 


This  memorandum  serves  as  the  CTPS  response  to  the  Newton, 
Needham  and  Chamber  of  Commerce  members  of  the  Highland 
Avenue-Needham  Street  Technical  Advisory  Committee  (TAC)  letter 
dated  February  3,  1986.     That  letter  contains  comments  concerning 
the  recommendations  within  the  "Preliminary  Draft  Existing 
Conditions  Report  for  the  Highland  Avenue-Needham  Street  Corridor 
Traffic  Study. 

In  section  A  of  the  letter,  several  comments  were  made  that 
were  stated  to  be  in  agreement  with  certain  of  the  report  recom- 
mendations . 

Comment  A. 1 :     "That  the  installation  of  traffic  lights  at  the 
Oak/Christina  and  Wi nches ter/Dedham/Needham  Streets  intersections 
should  proceed." 

CTPS  Response:     While  we  did  recommend  that  signals  be  installed 
at  the  Oak  Street/Christina  Street  intersection,  we  do  not  recom- 
mend that  these  improvements  proceed  as  currently  planned  by  the 
Massachusetts  Department  of  Public  Works   (MDPW).     We  believe  that 
an  integral  part  of  this  improvement  requires  that  the  Christina 
Street  center  line  be  brought  into  alignment  with  that  of  Oak 
Street  and  that  the  Oak  Street  approach  be  striped  to  accommodate 
an  exclusive  right-turn  lane  and  a  shared  left-turn/ through  lane. 
The  current  MDPW  plans  do  not  contain  either  of  these  features. 
Without  these  features  the  signalizat ion  will  introduce  more 
delay  than  is  necessary  on  Needham  Street  and  unsafe  vehicle 
maneuvering  will  continue. 

Comment  A. 2 :     "There  is  a  need  for  coordinating  the  timing  of 
the  Oak/Christina  light  with  the  Second  Avenue  light." 

CTPS  Response:     Although  we  generally  agree  with  the  recommenda- 
tion cited  in  A. 2,  we  are  not  responsible  for  a  recommendation 
proposing  signal  coordination  between  these  intersections.  The 
Manual  on  Uniform  Traffic  Control  Devices   (MUTCD)   specifies  that 
traffic  control  signals  within  1/2  mile  of  one  another  should  be 
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operated  in  coordination.     Oak  Street  and  Second  Avenue  do  fall 
within  1/2  mile  of  one  another.     As  also  stated  in  the  MUTCD, 
"...coordination  need  not  be  maintained  across  boundaries  between 
signal  systems  which  operate  on  different  time  cycles."     This  is 
an  important  caveat  since  adjustments  to  signal  operations  to 
accommodate  coordination  schemes  necessitate  the  establishment  of 
a  "priority  intersection"  because  phasings  and  timings  are  seldom 
identical  between  any  two  intersections.     Furthermore,  we  reserve 
the  right  to  withold  such  a  recommendation  pending  a  review  of 
signal  operations  at  each  location. 

Comment  A. 3;     "That  Needham  Street  be  re-striped  for  three 
lanes  to  allow  for  left-turn  movements." 

CTPS  Response;     For  clarity,  the  recommendation  states  that  the 
third  (center)   lane  be  striped  as  a  continuous  two-way,  left-turn 
lane . 

Comment  A. 4:     "That  the  median  strip  at  First  Avenue  NOT  be 
removed  in  the  short  run." 

CTPS  Response;     We  concur. 

Comment  A. 5;     "That  the  5  lane  configuration  on  Highland 

Avenue  allow  for  a  third  lane  westbound  (continuous)   to  allow  for 

southbound  turns  onto  Second  Avenue." 

CTPS  Response;     A  five-lane  section  on  Highland  Avenue  between 
Second  Avenue  and  the  Highland  Avenue  Bridge  is  not  recommended 
for  implementaion  under  current  traffic  conditions.  Not  specifi- 
cally stated  is  the  need  for  maintaining  the  present  cross- 
section  to  provide  safe  transition  to  the  Highland  Avenue  Bridge 
which  remains  one  lane  in  each  direction.     Our  recommendation 
regarding  the  three-legged  Highland  Avenue/Second  Avenue  inter- 
section proposes,   for  Highland  Avenue,  the  maintenance  of  the 
existing  two-lane  eastbound  approach  and  the  addition  of  an 
exclusive  left-turn  lane  to  the  two  through  lanes  on  the  west- 
bound approach.     This  exclusive  left-turn  lane  is  required  to 
separate  left  turns  from  through  traffic.     For  the  Second  Avenue 
approach  to  this  intersection,  we  recommend  restriping  of  the. 
existing  pavement  to  provide  for  two  exclusive  left-turn  lanes 
and  one  exclusive  right-turn  lane. 

In  section  B  of  the  letter,  modifications  to  the  report 
recommendations  were  proposed. 

Comment  B.l;     "That  the  suggested  improvements  for  Third  and 
Fourth  Avenue  intersections  with  Kendrick  Street  proceed  with  the 
lane  markings.     The  concept  of  one-way  streets  is  not  feasible 
because  they  cannot  be  connected  by  extending  B  Street  without  a 
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major  land  taking.     The  possibility  of  lights  at  4th  and/or  3rd 
should  be  considered,  also." 

CTPS  Response:     The  recommended  improvements  for  these  intersec- 
tions depend  heavily  on  the  establishment  of  a  one-way  pair 
system,  with  signalizat ion  at  Third  Avenue,  and  depend  less  on 
lane  striping.     We  fully  understand  that  land  acquisition  would 
be  necessary  to  connect  Third  Avenue  and  Fourth  Avenue.  It 
appears  to  us  that  such  a  connection  could  be  accomplished  using 
land  that  is  presently  unbuilt  upon.  The  lane  striping  by  itself 
would  provide  little  aside  from  formalizing  the  existing  pattern 
of  use. 

Comment  B.2:     "That  the  suggested  left  turn  lane  eastbound  on 
Highland  Avenue  in  the  vicinty  (sic)  of  Charles  and  Wexford 
Streets  be  limited  to  left  turns  only  into  Charles  Street, 
because  there  [are]  so  many  more  businesses  north  of  Highland 
Avenue.     This  change  would  be  predicated  on  continuing  Charles 
Street  as  a  two-way  street  and  making  Wexford  Street  a  "Do  Not 
Enter"  street  from  Highland  Avenue  and  requiring  all  traffic 
leaving  Wexford  Street  [to]  be  limited  to  right  turn  only  toward 
Route  128.     This  essentially  captures  the  same  concept  as  you 
suggest  for  Third  and  Fourth  Avenue  and  would  allow  some  stacking 
in  the  left  turn  lane  eastbound  without  impeding  other  traffic 
eastbound.     It  could  be  done  as  a  "pilot"  program  and  if  found  to 
be  unworkable,   it  could  be  abandoned." 

CTPS  Response;     For  the  segment  of  Highland  Avenue  between  Second 
Avenue  and  Route  128,  the  recommendation  is  for  the  establishment 
of  a  five-lane  cross-section  with  a  continuous  left-turn  lane  for 
westbound,  not  eastbound ,  traffic.     We  do  not  agree  that  left 
turns  should  continue  to  be  allowed  from  eastbound  Highland 
Avenue  into  either  Wexford  Street  or  Charles  Street.     It  is  these 
very  turns  which  severely  disrupt  traffic  operations  at  the 
Second  Avenue  intersection  today. 

The  suggested  modification  to  the  Wexford/  Charles  Street 
operation,   (i.e.,   forcing  all  left  turns  to  and  from  Wexford 
Street  onto  Charles  Street) ,  is  of  limited  technical  value  and 
could  prove  counter-productive,   if  implemented.     The  extreme 
proximity  of  Charles  Street  to  the  Highland  Avenue/Second  Avenue 
signalized  intersection  would  make  left  turns  from  the  commercial 
area  north  of  Highland  Avenue  even  more  difficult.     This  would  be 
due  to  the  persistent  blocking  effect  caused  by  stopped  eastbound 
traffic  on  Highland  Avenue  during  the  Highland  Avenue  red  phase. 
In  addition,  a  major  portion  of  the  storage  space  (the  distance 
between  Charles  Street  and  Wexford  Street)   currently  used  by 
westbound  Highland  Avenue  traffic  when  left  turns  are  being  made 
to  or  from  Wexford  Street  would  be  eliminated.  The  direct  result 
of  this  loss  of  storage  space  would  be  lengthened  traffic  queues 
in  two  directions,  with  one  queue  stretching  back  toward  the 
Highland  Avenue  Bridge  and  the  other  queue  stretching  into  the 
New  England  Industrial  Center.     The  suggested  modification 
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could  only  be  fully  accomplished  if  the  Charles  Street  approach 
to  Highland  Avenue  was  brought  into  alignment  with  the  Second 
Avenue  approach  to  Highland  Avenue.     Charles  Street  and  Second 
Avenue  operations  could  then  be  brought  under  the  control  of  a 
single  signal.     This  would  involve  major  land-taking  and  building 
demoli  t ion . 

We  agree  that  this  modification  appears  similar  in  concept 
to  the  recommendation  made  for  improved  operations  at  Third 
Avenue  and  Fourth  Avenue.     However,  the  physical  conditions  and 
traffic  demands  of  the  two  locations  are  vastly  different  and 
require  different  improvement  strategies.     Furthermore,  we  would 
neither  recommend  nor  expect  the  MDPW  to  experiment  with  a 
"pilot"  project  in  this  critical  area. 

Comment  B.3:     "We  think  further  consideration  needs  to  be 
given  to  the  Floral  Street/ramp  connection  recommendation 
(including  considering  making  Floral  Street  two  ways)   to  avoid 
trapping  the  apartment  house  residents." 

CTPS  Response:     These  considerations  would  be  made  in  the  design 
stages.     There  appears  to  be  sufficient  right-of-way  available  to 
provide  the  apartments  with  direct  Centre  Street  access. 

In  section  C  of  the  letter,  two  areas  of  disagreement  with 
the  recommendations  made  in  the  report  were  noted. 

Comment  C.l;     "In  the  short-run  the  jug  handle  solution  is 
[not]  practical  because  of  the  land-takings  that  would  be 
necessary. " 

CTPS  Response;     It  is  true  that  this  is  not  a  project  that  could 
be  accomplished  in  the  short-term.  It  was  included  because  of  the 
immediate  need  to  protect  its  potential  right-of-way  from  the 
almost  continous  development  that  is  occurring  along  Highland 
Avenue . 

Comment  C.2:     "We  are  also  concerned  about  the  suggested  road 
to  connect  at  the  base  of  the  hill  with  Second  Avenue  because  it 
is  too  close  to  the  intersection.     Traffic  would  block  Second 
Avenue  southbound  in  trying  to  "get  into  line"  on  Second  Avenue 
northbound.     The  very  recent  major  and  ongoing  construction  prac- 
tically negates  this  possibility.     Again  the  practicality 
involved  in  land-taking  is  not  short-run..." 

CTPS  Response;     We  agree  that  land  acquisition  is  required  to 
successfully  implement  this  action.     This  is  the  same  right-of- 
way  protection  referred  to  in  the  C.l  response.     The  time 
required  to  acquire  the  necessary  right-of-way  is  a  matter  for 
the  Town  of  Needham  to  address.     As  to  the  potential  for  problems 
to  occur  at  the  intersection  of  the  service  road  with  Second 
Avenue,  we  do  not  agree  that  problems  of  any  magnitude  would 
occur  as  northbound  traffic  demand  along  Second  Avenue  peaks  when 
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southbound  demand  is  low.     If  necessary,   the  service  road  could 
be  signal  controlled  at  Second  Avenue  in  coordination  with  the 
Highland  Avenue/Second  Avenue  signal. 

With  respect  to  the  effect  of  recent  construction  work  in 
the  immediate  area  of  the  proposed  right-of-way,   it  is  presently 
unclear  if  there  is  sufficient  space  remaining  for  construction 
of  the  road.     Until  it  is  confirmed  that  the  necessary  right-of- 
way  no  longer  exists,  this  recommendation  should  not  be  dismissed 
out-of-hand.     One  necessary  element  for  the  successful  improve- 
ment of  traffic  conditions  on  Highland  Avenue,  especially  in  the 
area  of  Second  Avenue,  Charles  Street,  Wexford  Street,  and  the 
intervening  block  face,   is  the  elimination  of  eastbound  Highland 
Avenue  left  turns.     The  "jug-handle"  aspect  of  the     service  road 
between  First  and  Second  avenues  would  permit  the  conversion  of 
these  left  turns  into  right  turns  made  from  the  westbound 
Highland  Avenue  traffic  stream  and  eliminate  the  present  disrup- 
tive effects  caused  by  this  traffic. 

Comment  C.2  (cont'd):     "...We  do  not  agree  that  the  bridge 
may  not  become,   if  it  is  not  now,  a  bottleneck." 

CTPS  Response;     The  examination  of  bridge  capacity  presented  in 
the  report  offers  a  comparison  of  available  capacity  and  peak 
hour  demand.     As  indicated  in  the  report,   the  bridge  offers  a 
higher  level  of  service  than  does  the  Second  Avenue/Highland 
Avenue  intersection  to  its  west  and  the  Oak  Street/Christina 
Street/Needham  Street  intersection  to  its  east.     The  conclusion 
drawn  from  this  finding  is  that  unless  and  until  one  or  the  other 
intersection  is  upgraded  to  a  capacity  level  above  that  of  the 
bridge,  the  bridge  will  never  act  as  a  "bottleneck".     If,  at  some 
future  time,   intersection  improvements  are  completed  at  either 
intersection  which  raise  the  capacity  above  that  of  the  bridge 
and  travel  also  increases  above  the  present  bridge  capacity,  the 
bridge  could  act  as  a  constraint  to  vehicle  flow.     No  inter- 
section capacity  improvement  of  this  magnitude  is  currently  con- 
templated. 

In  section  D  of  the  letter,  two  additional  recommendations 
are  suggested. 

Comment  D.l:     "That  the  restriction  [on]  right-turn-on  red  be 
removed  at  Second  Avenue-Highland  Avenue,  thus  creating  a 
"release"  in  northbound  Second  Avenue  backups." 

CTPS  Response;     We  agree  that  consideration  should  be  given  to 
the  removal  of  the  right-turn-on-red  restriction  on  northbound 
traffic  at  the  Second  Avenue  approach  to  Highland  Avenue.     We  do 
feel,  however,  due  to  a  low  volume  of  right  turns,  that  this 
action  would  have  only  a  minor  positive  effect  on  traffic  flow. 
The  negative  aspect  of  this  action  would  be  to  intensify  an 
already  difficult  situation  for  pedestrian  movement.  Keep  in 
mind,   it  was  either  a  safety  consideration  or  a  request  from 
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Needham  officials  that  led  to  the  imposition  of  the  turn  restric- 
tion in  the  first  place.     We  again  reiterate  our  recommendation 
to  restripe  the  Second  Avenue  approach  to  Highland  Avenue  with 
two  exclusive  left-turn  lanes  and  one  exclusive  right-turn  lane. 

Comment  D.2;     "That  the  entire  program  keep  in  mind  that  the 
impending  opening  of  the  Hillside  Office  building  and  the  pro- 
posed opening  of  the  Sheraton  Hotel  next  Fall  will  have  a 
substantial  impact  on  area  traffic  and  consideration  be  given  to 
[a]  method  of  evaluating  this  impact." 

CTPS  Response;     The  traffic  impact  of  these  developments, 
together  with  all  other  foreseeable  corridor  growth,  has  been 
considered  in  the  study  of  future  conditions. 

LHT : WTS : dap 
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April  24,  1986 


The  Honorable  Susan  D.  Schur 
House  of  Representatives 
State  House,  Rm.  277 
Boston,  MA  02133 


Dear  Susan: 

Thank  you  for  your  letter  of  April  7th  informing  me  of  the 
concern  of  the  Newton-Needham  Chamber  of  Commerce  in  regard  to 
progress  on  the  Highland  Avenue/ Needham  Street  Corridor  Traffic 
Study.     I  have  attached  copies  of  recent  correspondence  between 
the  Chamber,  acting  as  the  spokesperson  for  local  interests,  and 
the  Central  Transportation  Planning  Staff  (CTPS) .     As  you  know 
CTPS  is  now  completing  a  detailed  analysis  of  the  corridor 

I  would  like  to  outline  the  major  positive  steps  from  that 
study  effort.     The  Massachusetts  Department  of  Public  Works 
(MDPW)   is  currently  completing  plans  to  signalize  the  intersec- 
tion of  Needham  Street  with  Oak/Chr istina  streets  and  the  inter- 
section of  Winchester  Street  with  Needham/Dedham  streets.  The 
MDPW  now  anticipates  the  completion  of  these  two  installations 
during  the  present  construction  season.     The  MDPW  has  also 
awarded  a  contract  to  the  consulting  firm  of  Sverdrup  &  Parcel  to 
undertake  the  environmental  work  associated  with  the  Route  128 
MAdd-a-Lane"  project.     As  a  direct  result  of  the  CTPS  analysis, 
an  assessment  of  the  feasibility  of  providing  additional  access 
to  the  New  England  Industrial  Center  from  Route  128  will  be 
included  in  that  study. 

Admittedly,  the  upgrading  of  the  highway  infrastructure  has 
not  kept  pace  with  the  overwhelming  development  in  the  entire 
Route  128  corridor.     We  view  this  phenomenon  as  a  success  story 
as  well  as  the  greatest  challenge  facing  transportation  planning 
professionals  in  the  Commonnwealth  over  the  next  decade. 
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If  you  have  any  additional  questions,  or  if  I  can  be  of  any 
further  assistance  please  feel  free  to  contact  me. 

Sincerely, 


Frederick  P.  Salvucci 
Secretary  of  Transportation 

FPS/RHP/dap 
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State  Transportation  Building 
10  Park  Plaza,  Suite  2150 
Boston,  MA  02116-3968 
(617)  973-7100 


CENTRAL 
TRANSPORTATION 
PLANNING 
STAFF 


June  2,  1986 


Mr.  Michael  Meyer 

Director 

BTP&D 

10  Park  Plaza 
Boston,   MA  02116 

Attention:     Robert  Patneaude 

Dear  Mike: 

Here  is  an  analysis  summary  of  signal  operations  at  the  Oak 
Street/Christina  Street  intersection  on  Needham  Street  using  the, 
AM  and  PM  peak  hour  counts  provided  by  Edwards  and  Kelcey.  Heavy 
vehicle  and  peak  hour  factors  were  not  directly  provided  so  CTPS 
truck  percentages  and  a  peak  hour  factor  of  0.9  were  used 
throughout  to  lessen  response  time. 

Two  separate  phasing  schemes  were  evaluated  in  accordance 
with  the  requirements  of  the  geometric  configurations  presently 
under  consideration.     As  was  discussed  on  May  13^,   if  the  center 
line  of  Christina  Street  is  not  brought  into  direct  alignment 
with  that  of  Oak  Street,  a  three-phase  operation  would  be 
necessary  to  protect  all  Oak  Street  and  Christina  Street  move- 
ments.    With  alignment,  however,  a  simple  two-phase  operation 
would  be  possible. 

The  analysis  results  can  be  summarized  as  follows: 

Peak  Hour  Level  of  Service  Analysis 
Oak  Street/Christina  Street  at  Needham  Street 

AM  PM 

Offset  -  Split  Phase  D  F 

Aligned  -  Two  Phase  B  D 

Detailed  work  sheets  of  the  1985  H.C.M.  Chapter  9  signalized 
intersection  analysis  performed  are  attached. 

Should  you  need  any  further  information  or  have  any  further 
questions  please  contact  me  at  973-7107. 


% 

William  Tt'/Stef  f  ens 
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EB 

74 

919 

93 

.  900 

S2 

1021 

103 

0  WB 

34 

612 

76 

.  900 

38 

630 

84 

NB 

37 

crcr 

*■)  >•} 

.  900 

41 

61 

24 

SB 

104 

31 

103 

.  900 

1 1 6 

34 

114 

PART  2 

(LANE 

GROUP 

DIR 

LN 

GROUP 

FLOW 

•  EB 

LT 

02 

EB 

TH- 

-RT 

1124 

WB 

LT 

3S 

WB 

TH- 

-RT 

764 

NB 

LT- 

-TH-RT 

127 

SB 

LT 

116 

1SB 

TH- 

-RT 

I/19 

ADJUSTMENTS ) 


N 

LU 

V 

Pit 

Prt 

1 

1 

.  00 

82 

1 .  00 

0 .  0.0 

1 

1 

.  00 

1124 

0 .  00 

0.  09 

1 

1 

.  00 

38 

1 .  00 

0 .  00 

1 

1 

.  00 

764 

0.  00 

0 .  1 1 

1 

1 

.  00 

127 

0 .  32 

0 .  1 9 

1 

1 

.  00 

116 

1 .  00 

0 .  00 

1 

1 

.  00 

149 

0 .  00 

0.  77 

PART  3    (OPPOSING  VOLUME  ADJUSTMENTS) 


LEFT  TURN 

OPPOSING 

APPROACH 

BEING  OPPOSED 

VOLUMES 

IN  PHASE  WITH  LEFT 

tt  LANES 

OPPOSIh 

LT       TH  RT 

LT 

TH 

RT 

LT  TH 

volume; 

i EASTBOUND 

38     680  84 

1 00 

1 00 

1 00 

1  1 

764 

WESTBOUND 

82   1021  103 

1 00 

1 00 

100 

1  1 

1  124 

NORTHBOUND 

116       34  114 

0 

0 

0 

1  1 

0 

SOUTHBOUND 

41        61  24 

0 

0 

o 

0  1 

0 

SATURATION  FL 

GW  ADJUSTMENT  WORK 8 HE 

ET 

#DIR  LN  GROUP 

IDEAL  N     Fwid  Fhv 

Fgr 

Fpar  k 

Fbns  Fa 

rea  Frt 

Fit 

1800     1   0.967  0.981 

1 .  000 

1 .  000 

1 . 000    1 . 

000   1 . 000  0 

.285  4,rjl 

EB  TH-RT 

1B00      1    1.067  0. 9E1 

1 .  000 

1 .  000 

1 . 000   1 . 

SB 
SB 


'    X  "T  IJ . 

LT 

TH-RT 


1300 
1  BOO 
IS  00 


i  1.000  0.991  1.000  1.000  1.000  1.000  0.874  0.836  1335 
1  1 . 000  0 . 97S  1 . 000  1 . 000  1 . 000  1 . 000  1 . 000  0. B50  1497 
1    1 . 000  O. 978    1 . 000    1 . 000    1 . 000    1 . 000  O. 796    1 . 000    1 402 


SUPPLEMENTAL  WORKSHEET  FOR  LEFT 
INPUT  VARIABLES 


•TURN  ADJUSTMENT  PASTOR  FLT 


DIR  C  G  N 
EB  120  S4  1 
WB  120  84  1 
CALCULATIONS 
D IP  Sco  Yo 
EB  1300  0.425 
WB  1300  0.625 


Va 
S2 


Vm 
1  124 
764 


VI  t 

82 
38 


Gu  Fs 
56.753  0.397 
23. 057  0. 172 


Pit 
1 .  00 
1  .  00 

PI 

000 
000 


No 
1 
1 


Vo 
764 
1 124 


Gq 

26. 853 
60. 559 


PI  to 
0 .  00 
0 .  00 


Pt 

0 . 000 
0.  000 


o , 
0. 


oou 

000 


El 

2 .  332 
6.532 


(.) 

0, 


Fm 

233 
090 


Fit 

,23a 


0.  090 


CAPACITY  ANALYSIS  WORKSHEET 


DIR  LN  GROUP 

V 

v/s 

g/C 

v/c 

CRITICAL 

EB  LT 

82 

491 

0.  17 

o 

.  70 

342 

0 .  24 

EB  TH-RT 

1 124 

1671 

0.  67 

0 

.  70 

1  165 

0.  97 

* 

WB  LT 

33 

153 

0 .  25 

o 

.70 

106 

0 .  36 

WB  TH-RT 

764 

1654 

0.  46 

0 

.70 

1 153 

0.66 

NB  LT-TH-RT 

127 

1335 

0 .  09 

0 

.  10 

131 

0.  97 

* 

5B  LT 

116 

1497 

0.  OS 

0 

.  03 

120 

0 .  97 

* 

SB  TH-RT 

149 

1402 

0.11 

o 

.  OS 

1 12 

1  .  33 

CYCLE= 120.0 

LOST= 

15.  0 

SUM 

V 

/S  1 

:rit= 

0.  84 

TOTAL  V/C= 

LEVEL  OF  SERVICE  WORKSHEET 


DIR 

LN  GROUP 

v/c 

g/C 

C 

dl 

d2 

PF 

Del  ay 

LOS 

Ave 

0 

95' 

EB 

LT 

0.  24 

0.  70 

120 

cr 

04 

342 

0. 

07 

i 

00 

5.  1 1 

B 

0 . 

3 

i 

EB 

TH-RT 

0.  97 

0.  70 

120 

12. 

81 

1 165 

13. 

84 

0 . 

85 

22.  65 

C 

n 
c 

i-\  *-> 

WB 

LT 

0 .  36 

0.  70 

120 

cr 

57 

106 

0. 

S3 

1 . 

00 

6.  45 

B 

0. 

4 

1 

WB 

TH-RT 

0.  66 

0.  70 

120 

7. 

79 

1  153 

1  . 

02 

0. 

85 

7.  49 

B 

~r 
i  • 

—> 

/ 

6 

NB 

LT-TH-RT 

0 .  97 

0.  10 

120 

40 . 

97 

131 

50. 

08 

0. 

35 

77.  39 

F 

4. 

6 

9 

SB 

LT 

0.  97 

0.  03 

120 

41. 

S3 

1 20 

66 

1 . 

00 

94.  49 

F 

4 . 

8 

10 

SB 

TH-RT 

1 .  33 

0.  03 

120 

43. 

19 

112 

266. 

48 

0 . 

85 

263.22 

■  p 

13. 

DIR  De?lay 
EB  21.46 
WB  7.44 
NB  77.39 
SB  139.49 
INTERSECTION 
THE  EXISTING 


LOS 
12 
B 
F 
F 


DELAY  =  38.24  INTERSECTION 
TIMING   IS  OPTIMAL 


LQ5=D 


F-82 


1935  HCM  -  CHAPTER  9:    SIGNAL  I  ZED  -  OPERATIONAL  ANt 
Dak  St. /Christina  St.   aligned.     Propased  Timing 
^Edwards  &  Kelcsv  AM 
date : 05-29  t  i  me :  14: 50 : 23 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 
VOLUME=eS<k«am  SEOMETR I  CS»e8ck 

LOCATED   IN  CBD:  n 
VOLUME  ?<  GEOMETR ICS 


SIGNAL=b8< 


VOLUMES 


#  OF  LANES 


DIR 

LT 

TH 

RT 

LT 

TH 

RT 

EB 

74 

919 

93 

1 

1 

0 

WB 

34 

612 

76 

1 

1 

o 

MB 

37 

55 

0 

1 

o 

SB 

1 04 

31 

103 

1 

1 

0 

LANE  WIDTH 
LT  TH  RT 
14  0 
14  0 
12  0 
1 2  0 


1  1 

1 1 

0 

12 


CURB 
CURB 

0 

o 

0 
0 


iLYS 


TO 


TRAFFIC  &  ROADWAY  CONDITIONS 

ADJ  PARK 


PEDESTRIANS 


APR 


DIR 

GRADE 

7.HV 

Y/N  MOVES  E 

iUSES     PHF  CROSS  BUT 

M I N  TIME 

TYP 

EB 

0.0*/. 

3.  97. 

0 

0       . 900  0 

7.0 

WB 

0 .  07. 

0 

0       . 900  0 

7.0 

0.07. 

1 .  77. 

o 

0       . 900  0 

7.0 

SB 

o .  ox 

4 .  5"/: 

o 

0        . 900  0 

7 .  0 

PHASINGS 

EASTBOUND 
1     t     r  p 
*  1      *     *  * 


WESTBOUND 
1     t     r  p 
#     #  % 


NORTHBOUND 


SOUTHBOUND  GREEN 
1     t     r  p 

60.  0 

*      *     *  16.0 


Y+R  PRE /ACT 

5  A 
5  A 


CYCLE*     36. 0 


VOLUME 
dp ART  1 

DIR 
EB 


WB 
MB 
SB 


ADJUSTMENT  WORKSHEET 
(MOVEMENT  ADJUSTMENTS) 


LTV7. 

74 
34 
37 
104 


THV7. 
919 
612 


RTV7. 


PHF     LTFR  THFR  RTFR 


93 
76 


900 
900 
900 
,  900 


82 
38 
41 
116 


1021 
6  BO 
61 


103 
84 
24 

114 


PART 

CLANE 

GROUP 

ADJL 

STMENTS) 

DIR 

LN 

GROUP 

FLOW 

N 

LU 

V 

PI  t 

Prt 

EB 

LT 

32 

1 

1  . 

00 

82 

1 

.  00 

0.  00 

EB 

TH- 

■RT 

1 124 

1 

1 . 

00 

1 124 

0 

.  00 

0.  09 

WB 

LT 

38 

1 

1  . 

00 

38 

1 

.  00 

0.  00 

^WB 

TH- 

•RT 

764 

1 

1. 

00 

764 

o 

.  00 

0 .  11 

NB 

LT- 

TH-RT 

127 

1 

1 . 

00 

127 

0 

0 .  1 9 

SB 

LT 

116 

1 

1 . 

00 

1 16 

1 

.  00 

0.  00 

SB 

TH- 

RT 

149 

1 

1 . 

00 

149 

0 

.  00 

0.  77 

^LEFT  TURN 
BEING  OPPOSED 

EASTBOUND 
WESTBOUND 
NORTHBOUND 
^SOUTHBOUND 


VOL 

UME  ADJUSTMENT 

S) 

OPPOSING 

APPROACH 

VOLUMES  '/. 

IN  PHASE 

WITH  LEFT 

«  LANE 

s 

OPPOSING 

LT 

TH 

C'T 
i\  i 

LT  TH 

RT 

LT  T 

u 

VOLUME 

33 

680 

34 

1 00     1 00 

1 00 

i 

1 

764 

S2 

1021 

103 

100  100 

100 

1 

1 

1  124 

116 

34 

1  14 

100  100 

1 00 

1 

X 

14? 

41 

61 

24 

100  100 

1 00 

0 

1 

36 

ADJL 

rr  WDRKSHE 

•  ij U  0    »  . 

OVU       L  m 

Z.x.?          i  i  1~,"V  I 

a.  dUU           1       1  .  U6  /  ' 

J  .  7  ■::  1 

1 . ouu  1 . 

0  0  0  1 

. OOO    1 . 

0 0 0  0 . 

33   1 . 

000  1671 

■t  a  f't  i'i      1    r\   o  /  ~j 
1  o  i.J         1    i.i  •  V  o  /' 

U  ■  7  /  .:• 

1  .  000    1  . 

uuo  1 

. 000    1 . 

000   1  . 

o 

00  0 . 

1  0  9       1 '3 

r-i  o        in    1  V  1 

1  C;  m  f"l        1      1      fi  7 
1  O  U  V         1      J.  .  V  <_i  / 

■J  .    .»  /  •_' 

1          T  "\  f~\  f  )  1 

1  a  W*J       1  . 

<~l  f~l  M  1 

0  0  0  1 

0  0  (")  0 

Q 

.J---     1  . 

^"l  /"^        i    /_  C  /l 

i.  Z.  .j  ^ 

l\C      1—  1      1  ri — r\  I 

1  (-)f*W"l           1        1  i'"ll*H"l 

1  t:f  yu      l    l  .  i.".'1.' 

.      1     4  i. 

00  C)  1 

(")(*)0  0 

Ci 

SQIJ     i  j  /  _i 

BB  LT 

1S00      1    1 . 000 

3.978 

1 . 000    1 . 

000  1 

. 000   1 . 

000    1 . 

0 

00  0. 

S21  14^5 

SB  TH-RT 

1S00      1    1 . 000 

0.978 

1 . 000   1 . 

000  1 

. 000   1 . 

000  0. 

—» 

/ 

96  1. 

000  14(j2 

SUPPLEMENTAL 

WORKSHEET  FOR  L 

EFT-TURN  AD J US 

TMCMT 

1  iu-in  1 

rfiL  1  Un 

CI  T 

INPUT  VARIABLE 

S 

DIR     C  G 

N 

Va        Vm      VI  +• 

V  C\                  V  111             /  J. 

Pit 

i      J.  u 

Nc  Vo 

I1T.U 

EB     86  60 

1 

82   1124  82 

1 .  00 

1  764 

•J  .  U u 

WB     86  60 

1 

38     764  33 

1 .  00 

1    1 124 

U .  UU 

NB     86  16 

1 

1 27       36       4 1 

0 .  32 

1  149 

v  •  U U 

BE     86  16 

1 

116     14?  116 

1 .  00 

1  S6 

0 .  00 

CALCULATIONS 

DIR  Sod  Yo 

Gu.  Fs 

PI 

Gq 

P+- 
r  u 

FT 

Fm 

1  III 

Fit 

E3   1800  0.42 

cr 
vJ 

40.807  0.397  1 

.  000 

19. 193  0. 

(")  0O0 

2 .  B31? 

(*] 

t")  ^(")7 

WB   1800  0.625 

16. 724  0. 172  1 

.  000 

43.276  0. 

O  (") 0 

O .  0Q0 

.....  ■_'  ttm 

f") 

m    1  •-'  V 

O    1 09 

NB   1800  0.08 

9.688  0.782  0 

TJ«"JBT 
.  ■—'  Jim  \~I 

6.312  0. 

675 

1  A^Q 

(" 

IJ  ■  DO 

BB  1800  0.048 

12.507  0.822  1 

.  000 

3.493  0.000 

0.  000 

1.369 

0 

.  S21 

0.821 

CAPACITY  ANALYSIS 

WORK 

SHEET 

DIR  LN  GROUP 

V 

i» 

v/s 

g/C 

V 

/c 

CRITICAL 

EB  LT 

82 

524 

0.  16 

0 .  70 

365 

0. 

~V7 

EB  TH-RT 

1 124 

1671 

0.  67 

0.  70 

1 166 

0. 

96 

* 

WB  LT 

38 

185 

0 .  20 

0 . 70 

129 

0 . 

29 

WB  TH-RT 

764 

1654 

0.  46 

0.  70 

1 154 

0 . 

66 

NB  LT-TH-RT 

127 

1373 

0 .  09 

0 .  19 

255 

0. 

50 

SB  LT 

116 

1445 

0.  08 

0.  1? 

269 

0. 

43 

SB  TH-RT 

149 

1402 

ij .  1  1 

0.  19 

261 

0. 

5  / 

* 

CYCLE=  86.0 

L0ST= 

10.0 

SUM 

V/S  C 

RIT= 

0. 

78 

TOTAL  V/C= 

LEVEL  OF  SERVICE  WORKSHEET 


DIR 

LN  GROUP 

v/c 

g/C 

c: 

d  1 

d2 

PF 

Del  ay 

LOS 

Avg  Q 

95 

EB 

LT 

0.  23 

0.  70 

rj  / 
OCJ 

54 

365 

0 . 

06 

1 

.  00 

3 .  60 

A 

0.6 

1 

EB 

TH-RT 

0.96 

0.70 

86 

9. 

13 

1  166 

13. 

64 

0 

.85 

19.36 

C 

10.1 

19 

WB 

LT 

0.  29 

0 .  70 

86 

/  vJ 

129 

0. 

37 

1 

.  00 

4.  12 

A 

0 .  3 

1 

WB 

TH-RT 

0.  66 

0.  70 

86 

ET 

1154 

1  . 

01 

0 

>  . .  — 

5.  58 

B 

5.  5 

4 

NB 

LT-TH-RT 

0 .  50 

0.  19 

86 

85 

^  rr;  cr 

Jtm  \m0  O 

1  . 

27 

0 

.  85 

21 .  36 

C 

—1  cr 
4.  .  >J 

BB 

LT 

0.  43 

0.19 

S6 

O  T 

269 

0. 

70 

1 

.  00 

24.  24 

C 

SB 

TH-RT 

0.  57 

0.  19 

86 

24. 

jL.  „. 

261 

2 

20 

0 

.  S5 

22 .  46 

C 

A 

DIR 

De?lay 

LOS 

EB 

IS.  2B 

C 

WB 

5.51 

B 

NB 

21.36 

C 

SB 

23.  24 

C 

INTERSECTION  DELAY  =   14.72   INTERSECTION  L0S=B 
optimal    cycle  length  86.0 

suggested  timing  phase  1   is     65.6  sees  green,  5.0  sees  yellow  +  red  cle?r 

suggested  timing  phase  2  is     10.4  sees  green.  5.0  sees  yellow  +  red  clear 


F-84 


1985  HCN  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 
)  W  Dak  st .  /Christina  St.    s-ffset.     Sc3.it  ohssa  aoeratian. 
Edwards  S<  Kelcey  PM 

date?:  05-29  t  i.  me :  1 5  :  3  1  :  50 

LAST  DATA  SET  NAMES  LOADED  OR  SAVED 

VOLUME*e«<kpm  GEOMETR I CS=e&k  £3 1 GNAL-ss pi.  it 

LOCATED   IN  CBD : n 
)3 VOLUME  &  GEOMETR ICS 


VOLUME 

s 

# 

OF  LANES 

LANE  !, 

■<JIDTH 

CURE 

DIR 

LT 

TH 

RT 

LT 

TH  RT 

LT  TH 

RT 

CURB 

EB 

101 

843 

47 

1 

1  0 

1  1  14 

0 

0 

WB 

958 

200 

1 

1  0 

11  14 

o 

o 

NB 

40 

64 

0 

1  0 

0  12 

o 

0 

SB 

1 12 

58 

119 

1 

1  0 

12  12 

o 

o 

TRAFFIC  ?<  ROADWAY  CONDITIONS 


ADJ  PARK. 

PEDES 

TR I  AIMS 

APR 

DIR 

GRADE 

7.HV 

Y/N  MOVES 

BUSE 

■S  PHF 

CROSS 

BUT  MIN  TIME 

TYPE 

EB 

0 .  07. 

<~i  "TV 

0 

o 

.  900 

o 

7.  0 

^WB 

0.  07. 

2 .  57 

0 

0 

.  900 

o 

7.0 

■  j 

MB 

0 .  07. 

1  .  07. 

o 

0 

.  900 

0 

7.0 

SB 

0 .  07. 

1 .  27 

0 

o 

.  900 

o 

7.0 

PHASING3 

EASTBOUND 
*         1     t     r  p 
1     *     *  * 


WESTBOUND 

1  t  r  ! 
*    *  # 


NORTHBOUND 
1      t     r  p 

*     *  * 


SOUTHBOUND  GREEN 
1      t     r  d 

90 .  0 
8.8 

*     *     *  6.2 


Y+R  PRE /ACT 

5  A 
5  A 
5  A 


CYCLE-  120.0 

VOLUME  ADJUSTMENT  WORKSHEET 
PART   1    (MOVEMENT  ADJUSTMENTS) 


DIR 

LTV'/. 

THV7. 

RTV7. 

PHF 

LTFR  THFR  RTFR 

EB 

101 

848 

47  . 

900 

112     942  52 

WB 

26 

958 

200 

900 

29  1064  222 

NB 

40 

64  . 

900 

36       44  71 

SB 

112 

58 

1 19  . 

900 

124       64  132 

PART  2 

CLANE 

GROUP 

ADJUSTMENTS) 

DIR 

LN 

GROUP 

FLOW 

N 

LU 

V 

FT  t 

Prt 

EB 

LT 

1 12 

I 

1 .  00 

112 

1 .  00 

0.  00 

*>EB 

TH- 

■RT 

994 

1 

1 .  00 

994 

0.  00 

0 .  05 

WB 

LT 

nq 

1 

1 . 00 

29 

1 .  00 

0 .  00 

WB 

TH- 

■RT 

1287 

1 

1 .  00 

1287 

0 .  00 

0.17 

NB 

LT- 

■TH-RT 

151 

1 

1 .  00 

151 

0.  24 

0.  47 

SB 

LT 

124 

1 

1 .  00 

124 

1 .  00 

0 .  00 

SB 

TH- 

-RT 

197 

1 

1 .  00 

1 97 

0 .  00 

0.  67 

PART  3    (OPPOSING  VOLUME  ADJUSTMENTS) 


LEFT  TURN 

OPPOSING 

APPROACH 

BEING  OPPOSED 

VOLUMES  ■/ 

1   IN  PHASE  ' 

WITH  LEFT 

#  LANES 

OPPOSING 

LT 

TH 

RT 

LT  TH 

RT 

LT 

TH 

VOLUME 

EASTBOUND 

29 

1064 

100  100 

1 00 

1 

1  2—7 

"WESTBOUND 

1  12 

942 

cr'-> 

100  100 

1 00 

1 

994 

NORTHBOUND 

124 

64 

132 

0  0 

0 

i 

1 

0 

SOUTHBOUND 

36 

44 

•7  < 

0  0 

o 

o 

I 

0 

SATURATION  FLOW  ADJUSTMENT  WORKSHEET 

DIR  LN  GROUP     IDEAL  N     Fwid       Fhv       Far  Fpark  Fbus  Fares  Frt       Fit  r, 

9*EB     LT                  1300     1   0.967  0.989   1.000   1.000  1.000  1.000  1.000  0.055  94 

EB     TH-RT            1800      1    1.067  0.989    1.000    1.000  1.000  1.000  0.893    1.000  1695 

yp     1  T                   IS 00      1    O.  967  O.  9SS    1  .  000    1  .  000  1  .  i\Or>  1  -  0.00  i  -  ddfi      -  '  77  T '*>.!.. 


as  LT 
BE  TH-RT 


issvv      i    1 .  OOU  ij.VYw    L>  i  ,■■.)•.) 0   1.000    t .  000  0.S36  0.S6S  1301 

1800  1  1.000  0.994  1.000  1.000  1.000  I. 000  1.000  0.850  1521 
1800      1    1.000  0.994    1.000    1.000   1.000   1.000  0.909    1.000  1448 


SUPPLEMENTAL  WORKSHEET  FOR 
INPUT  VARIABLES 


.EFT -TURN  ADJUSTMENT  FACTOR  FLT 


DIR     C       G  N 

Va 

Vm     VI  t 
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State  Transportation  Budding 
10  Park  Plaza,  Suite  2150 
Boston,  MA.  02116-3968 
(617)  973-7100 


CENTRAL 
TRANSPORTATION 
PLANNING 
STAFF 


MEMORANDUM 


TO:         Highland  Avenue/ Needham  Street  July  10,  1986 

Corridor  Traffic  Engineering 
Analysis  Project  Files 

FROM:     William  T.  Steffens 

RE:         Meeting  for  Discussion  of  Short-range 
Improvement  of  Highland  Avenue  and 
Needham  Street 


The  following  is  a  summary  of  the  meeting  held  this  morning 
with  representatives  of  the  Massachusetts  Department  of  Public 
Works,  Edwards  and  Kelcey  and  CTPS .     Following  a  discussion  of 
the  analyses  that  had  been  completed  to  date,  the  attendees 
agreed  that  the  following  improvements  should  be  implemented  at 
the  earliest  possible  time. 

Needham  Street/Dedham  Street/Winchester  Street  Intersection 

Improve  as  proposed  in  the  Edwards  and  Kelcey  design  plans. 

Needham  Street/Oak  Street/Christ ina  Street  Intersection 

Signals  should  be  installed  and  the  intersection  approaches 
should  be  striped  as  proposed  in  the  Edwards  and  Kelcey  design 
plans.     The  signal  should  be  wired  for  three-phase  operation 
although  it  would  initially  be  in  two-phase  operation.  This 
would  allow  a  switch  from  a  typical  two-phase  operation  when 
necessary  to  protect  all  Oak  Street  and  Christina  Street  move- 
ments during  peak  periods. 

Needham  Street 

Needham  Street  from  Christina  Street  east  to  Winchester 
Street  should  be  re-striped  as  three  lanes  with  the  median  lane 
operating  as  a  continuous,  two-way,  left-turn  lane. 

Highland  Avenue/Second  Avenue  Intersection 

The  Highland  Avenue  approach  to  this  intersection  should  be 
improved  to  include  two  through  traffic  lanes  and  one  exclusive 
left-turn  lane. 

These  actions  should  be  implemented  concurrently  to  ensure 
that  the  problems  present  at  each  location  do  not  continue  to 
disrupt  operations  at  adjacent  locations  and  reduce  the  overall 
level  of  improvement  possible. 
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It  was  also  agreed  that  the  signal  and  channelization 
improvements  to  be  made  at  the  Needham  Street/Oak  Street/ 
Christina  Street  intersection  are  short-term  in  nature  and  that 
the  land  acquisition  process  should  begin  immediately  to  permit 
the  alignment  of  Christina  Street  with  Oak  Street  approximately 
five  years  hence. 

It  should  also  be  noted  that,  although  no  mention  was  made 
of  it  at  the  meeting,   the  CTPS  recommendation  for  improving  the 
Highland  Avenue/Second  Avenue  intersection  as  documented  in  the 
"existing  conditions"  report  included  re-striping  of  the  Second 
Avenue  approach  as  a  double  left-turn  lane  and  a  right-turn  bay. 
This  improvement  can  easily  be  made  as  part  of  the  discussed 
improvements  in  that  they  can  be  implemented  without  land  taking 
or  geometric  alteration. 

Finally,  CTPS  agreed  to  provide  the  MDPW  and  Edwards  and 
Kelcey  with  a  final  capacity  analysis  of  the  proposed  improve- 
ments at  the  Needham  Street  at  Oak  Street  and  Christina  Street 
intersection. 


WTS :od 

cc:     Michael  Meyer 
Robert  Shea 
Robert  Patneaude 
Peter  Kutrubes 
Commissioner  Digeronimo 


Notes  on  Highland  Avenue/Needham  Street 
Meeting  July  15,  1986 


In  attendance  were: 


Robert  Shea 
William  Steffens 
Lawrence  Tittemore 


Ellen  DiGeronimo 
Robert  Patneaude 
Susan  Schur 


Associate  Commissioner,  MDPW 
Principal  Civil  Engineer,  MDPW 
State  Representative,  Newton 
Traffic  Engineer,  MDPW 
Principal  Planner,  CTPS 
Manager  Systems  Projects,  CTPS 


Commissioner  DiGeronimo  opened  the  meeting  noting  that  the 
study  effort  had  provided  the  MDPW  with  several  actions  that 
would  be  ready  to  be  advertised  for  bid  by  October,  1986. 
W.  Steffens  presented  an  overview  of  the  Highland  Avenue/Needham 
Street  corridor  and  discussed  existing  land  use  and  development 
potential.     L.  Tittemore  presented  a  description  of  the  critical 
problems  affecting  corridor  travel  with  the  aid  of  a  series  of 
slides . 

Four  proposals  which  are  jointly  supported  by  the  MDPW  and 
CTPS  were  then  presented  for  discussion. 

o  Signalization ,  of  Needham  Street  at  Winchester  Street/ 

Dedham  Street  Intersection.     L.  Tittemore  stated  that  plans 
for  improving  this  location  are  anticipated  to  resolve  the 
vehicle  conflict  problems  present  at  the  intersection  and 
introduce  gaps  in  the  Route  9  directed  traffic  stream  pro- 
viding some  relief  in  the  operation  of  the  Route  9  ramps. 

o  Continuous,  Two-way,  Left-turn  Lane  along  Needham  Street 

R.  Shea  pointed     out  the  crucial  importance  of  enforcement  by 
area  safety  officers  in  the  initial  stages  following  the 
start  of  two-way,   left-turn  lane  operations.     In  addition,  he 
noted  the  necessity  of  informational  signing  describing  the 
operation  of  the  two-way  section  and  stated  that  use  of  the 
central  lane  for  anything  other  than  entering  and  turning  in 
the  initial  stage  or  at  any  other  time  can  result  in  serious 
hazards  to  drivers. 

o  Signalization  of  Needham  Street  at  Oak  Street  and  Christina 
Street .     Representative  Schur  noted  the  need  for  this  project 
at  the  earliest  possible  date  to  improve  area  safety. 

o  Channelization,  of  Highland  Avenue  and  Second  Avenue 

Intersection .     W.  Steffens  indicated  this  project  was  needed 
to  permit  vehicles  to  better  use  available  capacity.     R.  Shea 
noted  that  the  project  would  need  to  be  postponed  to  examine 
whether  sufficient  right-of-way  existed  to  accommodate  the 
number  of  lanes.     Representative  Schur  stated  that  the 
progress  of  the  three  remaining  projects  should  not  be 


interfered  with  by  the  slower  progress  of  the  fourth. 
Commissioner  DiGeronimo  agreed  and  reiterated  that  the 
project  was  not  being  cancelled,  but  postponed,   to  allow  work 
on  the  other  projects  to  continue  toward  completion  by  the 
earliest  possible  date.     The  MDPW  will  continue  to  work  on 
the  Highland  Avenue/Second  Avenue  intersection  as  a  short- 
range  improvement  project. 

Representative  Schur  expressed  her  concern  over  the  length  of 
time  it  has  taken  CTPS  to  complete  work  on  the  Highland 
Avenue/Needhara  Street  study.     Commissioner  DiGeronimo  stated 
that  the  MDPW  would  attempt  to  minimize  any  further  inter- 
ference with  the  staff  in  completing  the  study  work. 


Ellen  DiGeronimo,  Associate  Commissioner 


State  Transportation  Building  CENTRAL 
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July  16,  1986 


Mr.   Michael  D.  Meyer,  Director 
BTP&D 

10  Park  Plaza 
Boston,   MA  02116 

Attention:     Robert  Patneaude 

Dear  Mike: 

The  Needham  Street  at  Oak  Street  and  Christina  Street 
intersection  has  been  reevaluated  assuming  signal  installation 
without  geometric  change.     In  this  analysis  a  two-phase,  90 
second  cycle  was  tested. 

To  correct  for  the  effects  of  the  Christina  Street/Oak 
Street  offset,  adjustments  were  made  in  two  worksheet  entries. 
To  reflect  the  additional  vehicle  maneuvering  required  to  clear 
the  intersection  and  the  conflict  between  Oak  Street  and 
Christina  Street  left  turns,  saturation  and  opposing  volume 
totals  were  changed. 

The  hourly  saturation  volumes  for  Oak  Street  and  Christina 
Street  were  reduced  by  10  percent  as  an  indication  of  the  through 
and  left-turn  maneuvering  required  between  these  streets.  The 
southbound  opposing  volume  total  was  also  adjusted  to  include  the 
left  turn  volume  from  Christina  Street  conflicting  with  Oak 
Street  movements  under  the  present  configuration. 

As  in  the  analysis  done  previously  and  transmitted  by  memo 
on  June  2,  1986,  traffic  counts  supplied  by  Edwards  and  Kelcey 
were  used.     P.M.  peak  hour  conditions  are  the  only  examined  as 
these  are  representative  of  the  highest  time-of-day  demands.  The 
attached  sheets  provide  a  detailed  worksheet  summary  of  the  ana- 
lysis results.     As  shown  on  the  output  sheet,  phase  timing  was 
allocated  so  that  critical  movement  V/C  ratios  are  equivalent. 

Under  these  assumptions  an  average  intersection  vehicle 
delay  is  estimated  at  approximately  39  seconds,   indicating  level 
of  service  D  conditions.     Needham  Street  should  operate  at  an 
acceptable  (C)   level  of  service,  although  side  street  traffic  on 
Oak  Street  and  Christina  Street  is  likely  to  experience  extreme 
delay  (service  level  F)  conditions. 
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The  analylsis  of  split  phase  operations,    (to  be  used  when 
necessary  for  safety  reasons) ,  during  periods  of  peak  traffic 
loading  is  unchanged  from  the  previous  transmittal. 

Should  you  need  any  further  information  or  have  any  further 
questions,  please  contact  me  at  973-7107. 


WTS:dap 


cc : 


Robert  Shea 
Peter  Kutrubes 
Robert  Hartnett 


F-96 


1935  HCM  -  CHAPTER  9:    SIGNALIZED  -  OPERATIONAL  ANALYSIS 

Oak  St. /Christina  St.    offset  with   left  turn  conflicts  Oak  and  Christina  saturati 
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SUPPLEMENTAL  WORKSHEET  FOR  LEFT-TURN  ADJUSTMENT  FACTOR  FLT 
INPUT  VARIABLES 
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